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ON THE CHROMATOLOGY OF SOME BRITISH 
SPONGES. By ©. A. MAC MUNN, MA, MD. (Pl. 1) 


In the Journal of Anatomy and Physiology for November, 1869', 
is an abstract by Professor Lankester of a report presented to the 
British Association at Exeter in 1869 “On the Spectroscopic Examina- 
tion of certain Animal Substances” by himself. In that abstract he 
describes the colouring matter of Spongilla fluviatilis, which he calls 
chondrichlor, and which for ceftain reasons he considered not to be 
identical with leaf green. Sorby on examining it subsequently’ found 
that it was chlorophyll, as it contained all the essential constituents of ~ 
chlorophyll, which are soluble in carbon bisulphide, besides a yellow 
substance soluble in water, very similar to, if not identical with, one met 
with in many fungi. That some slight differences do exist between 
spongilla chlorophyll and plant chlorophyll is probable from the results 
of my own examination, published in the Philosophical Transactions, 
Part I. 1886, these differences being indicated PY its behaviour on 
saponification. 

In the abstract by Prof. Lankester above referred to he includes 
sea-water sponges among those animals whose pigments yield no 


Prof. Moseley in his paper “On the Colouring Matters of various 
Animals, and especially of Deep-Sea Forms dredged by H.MS. 
Challenger*,” describes a colouring matter from Poliopogon Amadou 
(Wyville Thomson) which was bright pinkish purple, soluble in 
dilute alcohol and fresh water, but gave no bands. 

Krukenberg has made a great number of observations on sea- 
water sponges, and his observations have brought to light the existence 
of a number of colouring matters, such as lipochromes, floridines, 
uranidines, and hepatochromates. 

He recognised the chlorophylloid nature of the Last-uhaeed: but 
missed some of the bands. Otherwise doubtless he would have laid 


1 p, 119 et seq. 
2 Quart. Journ. Micros. Soc. Vol. xv. N.S. p. 47. 
3 Quart, Journ, Micros. Soc. Vol. xv. N. 8. p. 1—23. 
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2 C. A. MAC MUNN. 


more stress on their likeness to plant chlorophyll. It would occupy too 
much space to give Krukenberg’s results in detail, so they will be 
referred to as briefly as possible. He has shortly summarized them in 
his “Grundziige einer Vergleichenden Physivlogie der Farbstoffe und 
der Farben” (1884). 

In many sponges (Suberitidae, Myailla, Clathria &c.) the bright 
colouration, orange, yellow or deep red, is due to the presence of yellow 
and rhodophan-like lipochromes. In-no sea-water sponge examined 
by him were these entirely absent. In species of Aplysina a yellow 
uranidine-(pigments to be referred to below) is present with the fat- 
colouring matter, and the black colouration which many of the Caco- 
spongi@ undergo and the colour change of the alcoholic extract of 
Hircinia spinulosa by saponification are due to the formation of 
melanotic decomposition products of the uranidines. In species of 
Reniera, floridines occur and mask the lipochromes, ‘and the former also 
occur in Hircinia variabilis. These floridines show in their chemical 
behaviour many agreements with the pigments of red plant-leaves, red 
fruits, and those of red algae. But their spectra (as I have proved to 
my own satisfaction) are different. 

It is necessary to describe these and the uranidines more in detail, 
referring however back to some of Krukenberg’s earlier researches 
for fuller descriptions’. The floridines are violet to purple red in 
colour, soluble in water and glycerin, insoluble in media which dissolve 
the lipochromes. They occur not only in sponges but as haemerythrin 
in the blood of Sipunculus nudus, and in Bugula neritina (a Bryozoon). 
By deoxidation they are changed into chromogens, from which by the 
action of ferments and reception of oxygen they are capable of being 
regenerated. They are found in Hircinia variabilis, in certain species 
of Spongelia and Rentera. 

In Hircinia variabilis one can easily press out a “superb” rose- 
coluured fluid from the canal-system which stains linen and paper of a 
rose colour, the stain lasting for a month. The aqueous extract shows 
a band between D and £; by the action of ammonia the colour 
changes to adirty blue (green blue), and by that of hydrochloric acid to a 
beautiful purple, in both cases the colouring matter being precipitated. 
In the former case the single band is replaced by two, one before D and 
one between D and E, these however are finally replaced by one before 
and enclosing D. The watery solution loses its colour on heating to 


1 Vergleichend-physiologische Studien. Zweite Reihe, Dritte Abth. 1882, 8. 22, &e. 
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CHROMATOLOGY OF SPONGES. 3 


Sens 60° to 70° C. The glycerin extract is roeb-colnrel: and has a 
green fluorescence in dilute, and yellow in concentrated solutions, and 
shows two bands, one between D and £, nearer D, the other between 
b and F, nearer F, the latter being continued into the general absorption 
of the violet end of the spectrum. In alcohol extracts of this sponge 
Krukenberg observed a band in red, which is doubtless due to the 
presence of a chlorophyll. 
In Reniera purpurea from Trieste, a similar colouring matter was 
observed which withstood exposure to direct sunlight for many hours: 
its watery extract was decomposed by boiling. Ammonia precipitated 
the colouring matter out of an aqueous solution but without change of 
colour. The aqueous solution possessed a violet fluorescence, increased 
by acetic acid, but under the influence of this reagent the colour 
remained unchanged. Fuming nitric acid at once destroyed the colour, 
sulphuric and hydrochloric acids more gradually. The aqueous extract 
shows one broad band extending from about halfway between D and E 
to F, and becoming gradually merged into the general absorption of the 
violet end. These floridines are limited, according to Krukenberg’s 
observations, to sponges which appear violet to purple red to the naked 
eye. It would be more satisfactory to have had other chemical and 
spectroscopic characters described more in detail, in order to enable one 
to judge whether one is justified in establishing a similarity to, or an 
identity with, pruneanery” Rordined in dealing with new sponge 
pigments. 

~ Thé Uranidines, according to Krukenberg, are a class of pigments 
of a yellow colour which under certain influences, e.g. by ferments, are 
changed into brownish or dark-violet masses which are insoluble in 
lipochrome solvents, and refractory towards acids when thus changed. 
They are not limited to sponges, but occur also in the Ascidia and 
Insecta, where they form the “lymphatic colouring matters,” (e.g. in 
Hydrophilus, Dyticus, Oryctes, Melolontha, the pupae of ‘lepidoptera 
&c.); also as aethalioflavin in Aethaliwm septicum (a myxomycetous 

Thallophyte) and in Holothuria poli. 
In Aplysina aerophoba:.a uranidine occurs which Krukenberg 
calls aplysinofulvin, and with it‘also four other pigments. Among the 
_ latter a body which is-soluble in alcohol, ether, chloroform, benzol, and 
bisulphide of carbon, and which gives a band between B and C;; this is 
evidently a chlorophyll and it was found not only in‘ this sponge but 
also in Reniera aquaeductus, Tedania muggiana, Suberites flavus, 
Clathria ‘coralloides, Hircinia and Tethya lyncureum. 
| — 
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4 C. A. MAC MUNN. 


Krukenberg says its agreement with a widely-distributed hepatic 
colouring stuff among the invertebrates is in the highest degree 
probable. So that he recognised its chlorophylloid nature and its 
likeness to enterochlorophyll, but he does not give nearly all the bands. 
I shall have to refer again to this point. The second yellow pigment 
of the above sponge is one which also occurs in other sponges, e.g. 
Tedania muggiana, Tethya lyncureum, Suberites flavus, and S. massa, 
&c.; this was extracted from the saponified sponge extract by means of 
petroleum ether and ether. After the decomposition of the soap by 
hydrochloric acid in excess, ether removed again a yellow pigment, 
whose spectrum was free from bands, and this colouring matter was 
tolerably pure aplysinofulvin: the uranidine’. 

The second pigment just referred to shows two bands between b 
and G, and from Krukenberg’s drawings and the data he furnishes" 
it appeared to be a lipochrome. 

By direct extraction of the living tissues of Aplysina with alcohol, 
ether, or oil of turpentine often yellow-coloured solutions were obtained 
whieh showed a band before HZ, and the pigment soluble in these was 
insoluble in bisulphide of carbon, and therefore is a third colouring 
matter. Not seldom, too, bisulphide extracts showed a band before D, 
which belonged to a fourth pigment. The fifth pigment was the 
uranidine just referred to, “which in water, alcohol, ether, chloroform, 
benzol, petroleum-ether, oil of turpentine, &c. was likewise not in- 
soluble,” but in solution much more easily and more quickly decom- 
posed by the oxygen of the air than when distributed in the dying 
tissues of Aplysina. This pigment preponderates over the other yellow 
pigments, and to it are to be attributed most of the reactions which are 
to be observed by direct treatment of an alcohol extract of Aplysina 
with various reagents. The alcohol extract, for example, is coloured by 
concentrated sulphuric acid at first yellow-brown, later red-brown ; and 
by saponifying with caustic soda deep orange-red, occasionally alvo red- 
brown, and finally deep dark violet. 

By pouring alcohol acidulated with hydrochloric acid on pieces of 
sponge, the tissues preserve their yellow colour for a day, but the 
affinity of the aplysinofulvin for oxygen outweighs the influence of the 
acid, so much so that after some time the pieces of sponge become 


1 Krukenberg’s description is somewhat difficult to follow, and I have translated it 
as it stands in the original. 

2 Tafel rt. sp. 4, 6, 7, 9, 11—14, Verg. physiol. Studien. Zweite Reihe, Dritte Abth. 
1€82. 
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CHROMATOLOGY OF SPONGES. 5 


coloured at first red-brown, later deep, dark violet, and the acidulated 
alcohol extract assumes a brown-yellow colour, which cannot be removed 
by stronger acidulation. Krukenberg then goes on to show that the 
darkening of this pigment occurs under different circumstances to those 
which obtain in the darkening of the “lymph” of Hydrophilus, for in the 
latter case “melanosis” is prevented by heating to 54°C, whereas in 
Aplysina heating brings it about, as it at once blackens at a boiling 
temperature, which blackening requires in other cases a long exposure 
to oxygen. The acid solutions however are not thus changed by heat. 
Aplysilia sulfurea likewise contains a similar pigment: a uranidine. 
Krukenberg assumes the presence of an oxidation ferment in Hydro- 
philus lymph, whereas in Aplysina &c. he supposes the ferment to exert 
a reducing action, which inhibits’ the production of the dark colour: 
this reduction ferment is destroyed by boiling; hence the darkening 
which then takes place. The solutions of aplysinofulvin are free from 
bands. 

I may now briefly refer to Krukenberg’s observations on the 
lipochromes of sponges before giving my own results. Sometimes, he 
says, we can easily recognise the bands of these lipochromes in solutions 
which are capable of dissulving them, sometimes however they are 
rendered invisible by the presence of other colouring matters. Saponi- 
fication enables them to be prepared in a purer state, a process which 
however decomposes the chlorophylloid pigments, which Krukenberg 
calls the “ hepatochromatic colouring matters,” but he found that bands 
of the lipochrome in unsaponified extracts corresponded with bands of 
similar solutions from saponified extracts. A lipochrome which in the 
solid state coloured itself deep blue with nitric and sulphuric acid, but 
remained unchanged with iodine, which was soluble in the usual 
lipochrome solvents and appeared to be identical with lipochrin, was 
found in Tedania muggiana. In petroleum-ether it gave one band 
covering F, and another placed between F and G (after saponifying). 
The ether solutions showed however, after the petroleum-ether had 
extracted all colouring matter soluble in it, only one band like that of 
Kiihne’s rhodophan, but differing from its band. Another pigment 
which occurred in red flocks and was left undissolved by the ether was 
insoluble in alcohol, chloroform, and bisulphide of carbon, but dissolved 
in acetic ether and dilute alkalies, and by “damping” with acetic acid 
became a deep purple, and then dissolved in bisulphide with a purple 


1 I use the word ‘‘inhibit” here, as this expresses the sense of Krukenberg’s 
statements more tersely than an exact translation. 
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6 C. A. MAC MUNN. 


violet colour ; these reactions agree with those of rhodophan (Kruken- 

berg). 
: From the yellow alcohol extract of Suberites massa petroleum-ether 
extracted a like pigment with similar bands, and accompanying it was a 
red pigment which could not be separated from the yellow. 

In Suberites flavus, by saponifying, purer yellow pigments were met 
with, and in. such quantity that repeated extraction with petroleum- 
ether was required in order to separate from the soap all the colouring 
matter. This lipochrome is evidently identical with the last. 

In another Suberites species another lipochrome was met with, not 
identical however with the last two. The band in this case resembles 
that of rhodophan in being single, but differs in position. 

In Papillina suberea alcohol extracts another lipochrome, which 
after saponifying and extracting with petroleum-ether and evaporating 
to dryness is coloured blue by strong nitric and sulphuric acids and a 
distinct greenish by iodine (dissolved by means of iodide of potassium). 

These then are the most important facts which Krukenberg has 
described: he refers to the lipochromes of other sponges, for which I 
must refer to his paper “ Zur Kenntniss der Verbreitung der Lipochrome 
im Thierreiche” in “ Vergleichend-physiologische Studien,” Zweite Reihe, 
-dritte Abtheilung 1882 (s. 92 et seq.). 

I may here remark that an inspection of the plates accompanying 
Krukenberg’s papers allows one to conclude the presence of a 
chlorophylloid pigment in the following sponges :— | 
Hireinva variabilis. 
Aplysina aerophoba. 
Tedania muggiana. 
Remera aquaeductus. 
Suberites flavus. 
Tethya lyncureum. 
Clathria coralloides. 

So far as I know I have given all the references to sponge chroma- 
tology, and I shall now give the results of my own examination. The 
species were identified for me by C. Jeffreys, “ Naturalist,’ Tenby, who 
has sent the specimens for examination. Tenby is remarkable for the 
great number of sponges which it furnishes, as anyone knows who hus 
explored its numerous caves, The nomenclature adopted here is that of 

P. H. Gosse, F.RS. 
_ Halichondria panicea. The specimens examined were greenish, and 
after extraction with absolute alcohol for a week in the dark yielded a 
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CHROMATOLOGY OF SPONGES. | 7 


solution which was a dull green colour, with a distinct red fluorescence, | 


and showed four of the usual chlorophyll bands, and at least one 
lipochrome band. (See Plate I. sp. 1.) These read as follows :— 
Ist. from shading to shading, including edges, 
» 688°5 to 644; darker part from 
681°5 to X 656. 
2nd. from 619 to A 597. 
3rd. a doubtful shading. 
4th. from > 542 to » 529. 
5th. approximately from A 492 to 1471. 


On applying the fractional method to this solution (which was first 
applied by Professor Stokes and later by Dr Sorby’ to solutions of 
chlorophyll), ie. by agitating the solution diluted with water with 


_bisulphide of carbon, the bisulphide layer was seen to be yellow, not 


green’. I attach great importance to this result because the same 
thing happens in solutions of enterochlorophyll. The bisulphide layer 
gave however the four chlorophyll bands, had a faint red fluorescence 
and strongly absorbed the violet end of the spectrum, sp. 2: while in a 
thinner layer at least two bands were visible still nearer the violet end, 
sp. 3. 
The following are the readings of all the bands :— 
| Ist. from A 695°5 to X 665 = dark part, shaded to » 647. 
2nd. from to 605. 
3rd. a shading only from » 589 to 569 (?) 
4th. from 550°5 to 
5th. from A 523 to » 499 (?) 
6th. from 492 to » 473 

The alcoholic solution from which this bisulphide layer had been 
separated was amber yellow in colour, seemed to have a faintly red 
fluorescence, and showed a faint chlorophyll band in red, and another at 
the blue end of green. It was again agitated with bisulphide of carbon, 
which formed a yellow layer, this again showed the bands of the same 
constituents as before. After the removal of the bisulphide the 
alcohol was still yellow, showed a feeble band in red, and some shading 
at the blue end of green. On making a second extract by means of 


1 I regret that I have not been able to carry out this fractional separation as com- 
pletely as it can be carried out in the case of plant chlorophyll, owing to dearth of 
material, It is for the same reason that I have given the experiments in detail and have 
avoided general assertions. 

2 In the case of plant chlorophyll the bisulphide layer is green. 
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absolute alcohol of the sanie sponge a similar solution to the above was 
obtained. On evaporation, such a solution left a dirty brownish-green 


_ residue, which was partially soluble in rectified spirit, and what was left 


untouched was soluble in bisulphide of carbon, forming an orange 


coloured solution, showing however the same bands as the above 


bisulphide extracts. On evaporating this, the residue became green 
with nitric acid, dirty blue and green with sulphuric acid, and remained 
unchanged with iodine in iodide of potassium. 

The portion of this residue soluble in rectified spirit formed a 
yellowish-green solution with a red fluorescence, giving the same bands 
as the original alcohol extract. On adding to it a little nitric acid a 
precipitate formed and the colour became slightly greener, which change 
was better marked with more nitric acid, while the fluorescence disap- 
peared, and now its bands read :— : 


Ist. from 4671 to A641. 
2nd. from 612°5 to A591. 
3rd. from 577 to 555. 
4th. from A 542 to 523. 


This result showed that we are here dealing with a chlorophyll 
beyond doubt. One does not always get such satisfactory results as the 
above, for some specimens appear to contain more chlorophyll than 
others. Thus in the filtered absolute alcohol extract of another sponge 
which had a yellowish-green colour and a fine red fluorescence the only 
well-marked band was that in red, still even in this case I could 
determine the presence of the same constituents as before, 

By examining portions of the living sponge with the microspectro- 
scope I failed to determine the presence of a band in red, but the absorp- 
tion of the violet was well marked. On squeezing out a portion, a band 
occupying the blue half of the green may be seen. The outer surface 
of the sponge is much greener in a section than the interior, which is 
dull green, and here one can see a faint narrow band in the green of the 
spectrum, a band which becomes more distinct by treatment with 
ammonium sulphide ; this probably belongs to a histohaematin, and can | 
be seen much better marked and generally accompanied by another in 


glycerin extracts, but the extraction by means of glycerin should be 


carried out for at least 13 days. Such an extract is greenish, and a 
deep layer examined by gas-light has a reddish tint, and gives sp. 4. 


The first band here reads from 566 to 559 and is intensified by 


sulphide of ammonium. This pigment also occurs in other sponges, as 
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will be shown: Hence H. panicea contains at least three pigments, (1) 
a chlorophyll, (2) a lipochrome, (3) a histohaematin. 

Halichondria caruncula, The specimens examined had a dull orange- 
red colour. Pieces of sponge itself when examined in sufficiently thin 
layers transmit red, yellow and a little green, strongly absorbing the 
violet end of the spectrum; thin enough portions may show a dark 
shading in the green, in other parts one nearer the blue may be seen. 

The alcohol extract was of a fine orange yellow colour with a 
decided red fluorescence, it showed a band in red and another before D 
(sp. 5), and strongly absorbed the violet end. In a thin layer a band 
became detached at blue end of green. The former bands read as 


Ist. from 2 678 to A653. 
2nd. from 625 to A597. 

The shading at the red end looked to me as if a second band nearer 
the red than the dominant chlorophyll band was present, and this 
supposition proved to be correct on adopting the fractional method of 
separation, as it became plainly visible in the bisulphide of carbon. 
The lipochrome constituent was masked by the pigment which had 
such a strongly absorbent power for the violet end, so that its bands 
could not be measured, but there appeared to be a shading in an 
absolute alcohol solution from > 492 to 1471. On agitating a-diluted 
alcohol solution with carbon bisulphide the latter sank down of an orange 
colour, leaving the spirit pale yellow, and showed a band in red which 
was really made up of two placed closely together. The violet end of 
spectrum being strongly absorbed. : 

The first band in red extended from 1712 to 699. 
The second from 685 to 2650. | 

I have never noticed a band so far over in red before, and its 
occurrence stamps this as a purely animal pigment. In a thin layer 
of the bisulphide extract there were two lipochrome bands: the first 
from 1520 to 1496, and the second from about 1490 to A469. The 
spirit solution from which the bisulphide layer had been removed gave 
a faint band in red and some shading between green and blue, but no 
distinct lipochrome band could be seen in it. 

On evaporating a bisulphide extract, obtained as just described, it 
left a residue of a yellow-brown colour, which became a dirty greyish 
green with iodine in iodide of potassium, with nitric acid a transient 
blue-green, blue and greenish passing into dirty grey, with strong 
sulphuric acid a dark dirty blue-green and green passing into brown. 
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On evaporating down an alcohol extract of this sponge a brown 
greasy looking residue is left, which now is not quite soluble in absolute 
alcohol, the latter becoming coloured yellow, having a greenish tint and 
a red fluorescence, absorbing strongly the violet end of the spectrum and 
showing in thin layers a band at blue end of green ; and in a suitable 
depth the double band in red which is shown in sp. 6. The bands 
of this spectrum read :— | 


Ist. to A692. 
2nd. 1678 to 647 ; (dark part =» 674-5 to A659). 
3rd. 4619 to 2597. | 
On extracting the residue, left untouched by alcohol and bisulphide, 
with water, it dissolved, forming a yellow solution, and in this there was 
a trace of a band in red and one at blue end of green. An aqueous 
extract of the sponge itself was faintly blueish and showed some 
shading from about 504 to 1481, which shading was not removed by 
hydrochloric acid nor caustic soda, although with the latter the colour 
became faint yellow. Hence in Halichondria caruneula a chlorophyll 
and a lipochrome beside other less well-defined pigments are present. 
Halichondria rosea. The specimens examined were a kind of 
greyish colour with a rosy tint. No distinct bands could be seen in 
portio~s of the sponge. On placing some portions in water, after a short 
time the solution assumed a kind of rose pink colour, and this gave two 
bands, sp. 7, which measured :— | 
Ist. 1511 to A496. 
2nd. 1490 to A471 (?). 


No remarkable change took place in this solution with ammonium 
sulphide; with Stokes’s fluid the bands seemed better marked, but 
they could not be made to disappear by agitation with air. Caustic 
soda intensified them, and the solution became less rosy. Acetic acid 
did not affect either colour or spectrum. On boiling and adding a little 
acetic acid a faint opalescence was noticed. If this is a floridine it does 
not agree in spectrum with those given by Krukenberg. __ 

In the glycerin extract of another specimen I detected the presence 
of a histohaematin, with one band at least from > 566 to A 559, this 
band being intensified by sulphide of ammonium, which also brought 
out another nearer violet too faint to be measured. 

The rectified spirit extract was yellow and showed a faint red 
fluorescence. A deep layer gave sp. 8, and a shallow sp. 9. These 
bands read as follows :— 
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Ist. to 653. 

2nd. to 597. 

3rd. doubtful. 

4th. to 532. (?) 
5th. to 473. 

The solution was then agitated with bisulphide of carbon; the 
latter became coloured deep yellow, leaving the spirit almost colourless, 
and showed the band in red, a second faint band and the fourth, while 
the violet end was strongly absorbed. The following are the approxi- 
mate measurements of these bands :— 

Ist. X.688°5 to 671, = dark part; and shading to A 665. 
4th. 550°5 to 7538. 

5th. A 520 to A 496. 

6th. about A 490 to A 469. (?) 

By daylight however there-was only one broad band, probably made 
up of two, visible, sp. 10. The united bands reading from 4519 to 
» 471. On evaporating the bisulphide down it left a brown-yellow 
residue which was quite yellow in a thin layer. With iodine in iodide 
of potassium it became perhaps slightly redder, with nitric acid deep 
green and blue-green, with sulphuric acid deep green, blue-green and 
finally dirty brown. The rectified spirit after separating this bisulphide 
extract showed a faint chlorophyll band in red, but no distinct lipo- 
chrome bands. On being concentrated by evaporation it showed 
however all the four chlorophyll bands and had a red fluorescence. 

Hence Halichondria rosea contains chlorophyll, a lipochrome and 
another rose-coloured pigment soluble in water, which appears to be 
somewhat like a floridine, besides a histohaematin. 

Halina Bucklandi. This is a black incrusting sponge ; a thin sec- 
tion examined by gas-light seemed brownish. 

The absolute alcohol extract was greenish, and it had a red 
fluorescence, the spectrum of which is shown in sp. 11 and sp. 12; these 
bands read as follows :— 

Ist. 16815 to 1647; dark part 678 to 1659. 
2nd. 625 to 2597. 

3rd. about A591 to » 573. 

4th. X545 to 532. 

5th. 7 492 to » 469. 

So that Halina Bucklandi contains a chlorophyll’ and a lipochrome. 
I could not further examine this solution owing to dearth of material. 

1 A faint histohaematin band was present in the sponge itself. 
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Halichondria incrustans. Dull yellow specimens were examined, 
with here and there greenish parts on the surface which were parts of | 
the sponge itself, not due to algae growing upon it. 

On examining a portion of the sponge itself with the microspectro- 
scope it was found to cut off the violet end of spectrum to about half of 
green, the red was transmitted apparently free from any band. In the 
green a faint narrow band was seen, sp. 13. The pigment giving this 
band is soluble in glycerin, which solution after 17 days’ extraction was 
of a yellow colour and gave sp. 14; the bands of which were intensified 
by ammonium sulphide. The alcohol extract was yellow with a red 
fluorescence, and showed in a deep layer the chlorophyll bands, the 
dominant band of which here read,—A 678 to 1656. In a layer 98 
millimetres deep I could not measure the other bands, hence the amount 
of chlorophyll in this sponge is relatively small. In this solution two 
lipochrome bands were seen :— “ 

Ist. A 499 to » 475. 
2nd. 1464 to 446. 

On agitating with bisulphide of carbon, the latter fell down of a 
yellow colour, showing one band in red and. two lipochrome bands 
placed closely together. The first about 1 529 to » 499, and the seeond 
from 4.492 to A471. On evaporating this down it left a yellow residue, 
which remained unchanged with iodine in iodide of potassium, became 
with nitric acid a transient blue, blue-green and blue, with sulphuric acid 
a dirty slate-blue passing into brownish-violet. The alcohol solution from 
which the bisulphide had removed the above constituents still contained 
some chlorophyll and a lipochrome, and left on evaporation a residue of- 
an orange-yellow colour; on adding absolute alcohol the whole residue 
was not taken up; the alcohol was yellow and showed all the usual 
series of chlorophyll bands and two lipochrome bands which (approxi- 
mately) read :— 

Ist. 4496 to 473. 
2nd. A 464 to A 446. 

Hence Halichondria incrustans contains chlorophyll and a lipo- 
chrome, as well as a histohaematin. 

Halichondria seriata. The specimens examined were brick-red 
in colour, and this colour was uniformly distributed throughout the 
sponge-substance. A solid piece transmitted red and a slice of green, 
while in a thiner layer there was a distinct dark band at the red end of 
green, reminding of the tetronerythrin of Homarus vulgaris when in 
the solid state. A red juice exuded on squeezing the sponge, which. 
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| on adding water and filtering left the colouring matter on the filter 


paper, while the filtrate was yellowish and gave a shading in the blue- 


4 green, but no marked effect was produced by ammonium sulphide. In 


the glycerin extract after 17 days’ extraction a decided red tint was 
apparent, and this showed a band at blue end of green but no histohae- 
matin band, still with ammonium sulphide a very faint shading, in its 
position, appeared. 

The absolute alcohol extract was reddish-yellow in deep layers but 
yellow in thin layers. It absorbed the violet end of spectrum up to 
about Z in a suitable depth, and showed one chlorophyll band in the red. 
In a very thin layer a band was seen at blue end of green, and another 
in violet; the former from about 1492 to \471, and the latter from 
462 to A444. (7) 

On evaporation this solution left an orange-yellow residue, which gave 
with nitric acid a transient blue and greenish colour, with sulphuric 
acid a slate blue, and remained unchanged with iodine in iodide of 
potassium. On adding water and agitating with bisulphide of carbon, 
the latter settled down as an orange solution and did not show the 
chlorophyll band in the red, but strongly absorbed the violet end of the 
spectrum up to beginning of green in a moderately deep layer, while in 
a thinner layer two distinct bands became detached: the first from 
r 520 to 7494, the second about A 490 to A 469. 

The alcohol solution from which this was removed was orange in 
colour in deep layers but yellow in thin layers, and showed a feeble 
band in red, and the lipochrome bands slightly changed in position 
owing to admixture with some bisulphide. 

It was now necessary to find out whether by concentration of an 
alcohol solution the other chlorophyll bands could be brought into 
view, and, on evaporating, an orange residue with some brown particles 
was left ; on extracting these with absolute alcohol some brownish greasy 
masses were left undissolved, the alcohol assuming a fine orange-red 
colour (gas-light), and now the second chlorophyll band was plainly - 
seen, also at least one lipochrome band from about A’ 490 to 1469. On 
extracting the portion of residue left untouched by the alcohol with 
ether the latter assumed an orange colour, and a little residue was left 
which went completely into water, and the solution showed a band at blue 
end of green, and absorbed the violet end of spectrum. In the aqueous 
extract aggregate of prismatic crystals formed which closely resembled 
creatin. But on applying the tests for creatin I obtained a negative 
result, nor did I obtain any evidence of the presence of uric acid. They 
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effervesced with nitric acid without any change of colour. Crystals of | 
chloride of sodium were met with often in such extracts, but these did 
not belong to chloride of sodium, and their nature at present remains 
doubtful. So far we have present in Halichondria seriata chlorophyll and 
at least one lipochrome, the presence of a histohaematin is doubtful. 
Hymeniacidon albescens. The specimens examined were of a yellow 
colour, and a distinct histohaematin band was visible in sections, with 
good illumination ; and in thin enough parts a band at the blue end of — 
green. On steeping for six days in absolute alcohol and filtering a pale 
yellow solution was obtained which did not show a chlorophyll band, 
but did show two lipochrome bands: the first from about ’ 499 to A 475, 
and the second very doubtful from about \ 464 to 1446. On evaporating 
and dissolving in carbon bisulphide a much deeper yellow solution was 
obtained, which strongly absorbed the violet end of spectrum up to 
beginning of green and showed no chlorophyll band, while the lipochrome 
bands now read :— 
Ist. 1.526 to » 499. 
2nd. A492 to 471. 


On evaporation this left a-gamboge and orange coloured residue, 
which remained unchanged with iodine in iodide of potassium, became 
dirty green and transient blue with nitric acid, and a kind of dirty 
greyish-green and in parts deep blue with sulphuric acid, passing into 
brown or violet brown. 

Hence Hymeniacidon albescens contains no chlorophyll, but does 
contain a lipochrome and a histohaematin. 

Halichondria albescens. A yellowish sponge. Sections showed a 
distinct band at blue end of green and a decided though faint 
histohaematin band. The glycerin extract was pale yellow, and 
showed a distinct histohaematin band and a faint second one. The 
former read about » 566 to A 559, intensified by sulphide of ammonium, 
The alcohol extract was pale yellow, showed no chlorophyll band, but 
another at blue end of green about 1499 to 475, and possibly 
another nearer violet. The solution on evaporation left a yellow and 
in parts a deeper yellow residue. On solution in absolute alcohol the 
latter became yellow in colour and showed no band in red and the 


_ above-mentioned one. The residue remained unchanged with iodine in 


iodide of potassium, became a dirty green or greyish with nitric acid, 
and a brilliant red with sulphuric acid. Hence Halichondria albescens 
contains no chlorophyll, but does contain a histuhaematin and a ms 
like a — but yet different from one. 
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‘ In another specimen of the same species I failed to get the red 
reaction with sulphuric acid (from the residue left after evaporation of 
an alcohol solution); and with nitric acid the result was equally negative. 
The residue was soluble entirely in water, however, with a yellow colour 
but gave in this no noticeable band. ' Possibly it had become changed 
by heat. 

Grantia coriacea. A dull orange-red sponge. Portions absorbed 
the violet end of spectrum strongly up to the beginning of the green, 
and a thicker part only transmitted the red a In very thin parts 
some shading in green was perceptible. 

The glycerin extract was brown in colour, reddish brown by trans- 
mitted gas-light, and let through only the red of the spectrum in deep 
layers, in shallower some shading at the end of green, and showed 


® vo histobaematin band before or after adding ammonium sulphide. 


The absolute alcohol extract was orange in deep layers, yellow in 
thin, absorbed the violet end of spectrum strongly, transmitting red and 
half of green. In thinner layers a band was seen at the end of green, 
and a doubtful second in vivlet: the first from 501 to » 475, second 
from 464 to A 446. 

This solution when heated on the water-bath underwent 
a change of colour from yellow to a dirty dark green, finally 
almost to black green; although green with reflected light, yet with 
transmitted it was a kind of brown-violet, and this solution gave a band 
before D, somewhat like that of sp. 15, while as is there shown the 
violet was strongly absorbed. When to this solution I added sulphide 
of ammonium the band disappeared, the colour changing to brownish. 
Ammonia brought about the same colour change but the band persisted ; 
when after the ammonia ammonium-sulphide was added the band did 
not disappear. The band of a diluted solution read approximately from 
2641 to 4597. Hydrochloric acid changed the colour to brownish 
yellow and no bands were seen. Nitric acid produced the same effect. 
The residue left on complete evaporation of the above alcohol solution 
was dark brown and amorphous, in thin layers it was greenish, 
Absolute alcohol left it undissolved in greater part, taking up some 
pigment which coloured the alcohol yellow; this extraction was repeated 
as long as the alcohol took up anything. The resulting solution was a 
deep yellow colour and strongly absorbed the violet end of the spectrum 
in deep layers, while in shallow a band became detached at blue end of 
green from about » 496 to A475, and another from about A 464 to 
446. On evaporating the solution, the residue was a canary-yellow 
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colour, in parts of an orange or orange-red. Bisulphide of carbon dis- | 
solved this residue, forming an orange solution showing two bands placed 
closely together: the first from about » 529 to » 502, and second 1492 Ge 
tou 471. The residue left by evaporation of such a solution remained 
unchanged under the influence of iodine in iodide of potassium, turned | 
blue and then green, but transiently, with nitric acid, and a fine dark | 
green and bluish-green with sulphuric acid. Hence this pigment taken | 
up by the alcohol was a lipochrome, and it is quite evident that this 
was not the pigment which turned dark green by heat. 

The residue left after the alcohol had removed this lipochrome was 
a mixture of dirty brown and green, from which chloroform and 
bisulphide of carbon still removed some colouring matter; but the 
dirty green and brown residue was still insoluble in these and went 
into water, forming a brown solution, also_in part into glycerin. The 
former solution was brown with transmitted gas-light, and deep red 
in a deep layer. In the latter depth red was alone transmitted 
spectroscopically, while in a shallow layer a band like that of sp. 15 was 
seen. Neither by means of hydrochloric acid nor caustic potash could 
the colour be made to disappear, but the band became indistinct under 
the influence of the latter reagent. 

Hence in Grantia coriacea a chromogen was present which by boiling 
became of a dark green colour, and this chromogen is evidently related 
to Krukenberg’s Aplysinofulvin. But whether the boiling destroyed 
a ferment which previously inhibited the change of colour from yellow to 
dark green or whether the heat changed the molecular condition uf the 
original yellow pigment could not be decided by the result of such 
experiments. A comparison of this result with those of Krukenberg 
allows one however to infer that a uranidine was here present, and one 
may also safely conclude that this uranidine was quite distinct from, 
and independent of, the lipochrome which accompanied it. | 

In another specimen which seemed to belong to the same species 
some further experiments were made which may be here added. The 
glycerin extract was brown, it showed no well-marked band, but in 
deep layers absorbed the violet end of spectrum, strongly transmitting 
red and a little green, in a thinner layer a shading at blue end of green 
was noticed. No histohaematin could be detected, either with or without 
the use of sulphide of ammonium. Ammonia left the colour unchanged ; 
acetic acid made it lighter, but developed no bands. Hydrochloric acid 
changed the colour to yellow (faint), but no bands were noticed. 

An absolute alcohol extract was of an orange colour in a suitable 
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depth, showed a faint chlorophyll band in red, and strongly absorbed the 


violet end to the middle of green. In a thin layer there was a dark 
band at blue end of green, and possibly another in the violet which 


read :—Ist. 1499 to 1.475, and 464 to 1446. On evaporating 


over the water-bath the colour became—after an initial yellow and 
green stage—a dark brown violet. The residue appeared dark brown, 
in other parts brown-green, and in very thin layers a dirty green. On 
extraction with absolute alcohol this solvent assumed an orange-yellow 
colour, and after its action the residue showed a peculiar appearance, 
being arranged in concentric circles of deposit arranged in brown and 
green circles. The absolute alcohol solution strongly absorbed the 
violet end and showed a faint band in red; while in sufficiently thin 
layers two lipochrome bands were seen; the first from 4496 to X475, | 
the second from 1462 to 1444, This left on evaporation by means of 
heat an orange residue which was soluble in bisulphide of carbon, form- 
ing an orange solution strongly absorbing the violet end of spectrum up 
to beginning of green, while in less deep layers two bands were seen: the 
first from 529 to 502, the second 492 to X 471. The residue was 
also soluble in ether, showing similar bands, the first from 4 499 te > 475, 
the second from 464 to 4446. The residue from this showed hardly 
any change with iodine in iodide of potassium (perhaps it was slightly 
more green), with nitric acid an evanescent blue and greenish, with 
sulphuric acid a fine blue, and green passing into a kind of violet-red or 
violet-brown. This lipochrome was also soluble in turpentine, forming a 


| deep yellow solution showing two bands: Ist. 502 to 479, and 


2nd. A 467 to A 450. 

After the extraction of the lipochrome from the residue, the latter 
assumed after the lapse of some time a dark blue-green colour, and 
although insoluble in the lipochrome solvents it went at once into water, 
which viewed by gas-light in a white dish was a deep claret colour in 
the deep parts but greenish at the edges, but with transmitted gas- 
light it was brownish, and in some lights deep red. In deep layers it 
transmitted the red rays only, while in thinner layers a band before D 
(such as that shown in sp. 15) was visible. The darkest part of this 
band read from 4 630 to 1593, and the shading of its edges from » 647 
to 562. With ammonium sulphide this band disappeared, the colour 
changing to light yellowish brown. With ammonia it became dark 
brown and the band persisted. With caustic potash it turned decidedly 
greenish, and the band of sp. 15 now stood at from A665 to » 630 
(=darkest part). With acetic acid it became yellow-brown and only a 
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18 C. A. MAC MUNN. 
trace of the band was left. With hydrochloric acid it became reddish- 1 
yellow and the band disappeared. Nitric acid changed it to red-yellow 7 
and no band was seen ; sulphuric acid produced the same effect. . 

Hence in this ‘eset specimen of Grantia coriacea a uranidine and @ i 


a lipochrome with a trace of chlorophyll were present. But both the - 
latter were independent of, and had apparently nothing to do with, the = 


development of the uranidine. : 

Halichondria sanguinea. A scarlet sponge. A portion of the sponge | 
itself transmitted only a slice of red, while in a thin layer a broad and | 
ill-defined band was seen at the beginning of green. The rectified spirit | 


extract was of a golden-yellow colour with a fine red fluorescence, and , 


gave in deep layers sp. 16, and in shallow sp. 17. = 
Only one of these bands could be certainly measured, and it read @ 
from 2678 to 1653, and its dark part from 76745 to 7659. The 


lipochrome band read approximately from 2502 to 471. (?) This #@ 
solution was agitated with bisulphide of carbon, which sank down of a @ 
deep orange colour, showing a band in red, and in less depths the traces a 


of three bands, nearer violet, evidently those of a lipochrome. 


The rectified spirit extract from which the bisulphide had removed [iM 


the above was pale yellow, and showed a band in red and one a 
lipochrome band. 4 

On evaporation, the bisulphide extract left some brownish residue, § 
which in thinner parts was yellow; this gave with iodine in iodide of @ 


potassium a distinct green colouration, with nitric acid a fine but 


transient blue passing into greenish, with sulphuric acid a bltisht § 
green, green and blue passing into brown. It was now necessary to @ 
see whether the whole series of chlorophyll bands were present in a | 
concentrated alcohol solution : accordingly the residue left after evapora- 
tion of a bisulphide extract was dissolved in absolute alcohol, when it 
formed a deep yellow solution with a red fluorescence and giving the 


followiig bands :— 
Ist. from 1678 to A 650. 


2nd. to A597. (2) 
3rd. X591 to 4573. 

After a bisulphide solution had been removed from a rectitied spirit 
extract and the latter evaporated down and dissolved in bisulphide it 
showed two lipochrome bands, which read :-— (approximately) 

Ist. 1520 to 7404. 
2nd. to 466. 
_ And the residue left after evaporation of this solution became slightly 
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dish- 


" Megreen with iodine in iodide of potassium, a transient blue and greenish 


ith nitric acid, and greenish with sulphuric acid. 

Hence Halichondria sanguinea contains chlorophyll and one or two 
lipochromes, 
| Leuconia Gossei. A yellowish-white sponge. A section absorbed 
‘some of the violet, and showed a band at blue end of green, also a faint 
histohaematin band. 


and 
the 
the 


onge 


and 4 The glycerin extract was pale yellow, and slightly reddish in deep 
pirit | layers by gas-light, and with ammonium sulphide showed a faint 
and bistohaematin band. 


= A rectified spirit extract was pale golden yellow, and showed a feeble 
‘ead jag Chlorophyll band in red, and a shading between green and blue. It 
The =a Was concentrated by heat and left a dirty brown-yellow residue, only 
This gg Partially soluble in absolute alcohol, forming a pale yellow solution, 
showing a band in red and at least one lipochrome-like band from 2506 
to 1483. But the residue was unchanged with iodine in iodide of 
Hy potassium, became only yellowish with nitric acid and reddish-brown 
ved jm With sulphuric acid. Hence no distinct lipochrome reactions could 
be obtained. That portion of the residue which was insoluble in alcohol 


ofa | 
aces 


one 


went into water, forming a pale-yellow solution free from bands. 
les. Hence Leuconia Gosset contains a trace of chlorophyll, a trace of a 
ee histohaematin, and a pigment resembling a lipochrome, but different 
but from one. | 
sht |  $Pachymatisma Johnstonia (?) This was a sponge whose species was 
to (a doubtful. It was a dirty yellow colour. A piece of sponge absorbed 
n a (some of the violet end, and showed a band at blue end of green. 
1ra- (a Neither in portions of the sponge itself nor in its glycerin extract could 
it I detect a histohaematin band. 
the The rectified spirit extract was pale-yellow, and showed a faint 
© chlorophyll band in red, and another between green and blue. The former 
from about 1674°5 to 1656, and the latter about tor 475. On 
evaporation a yellow residue was left which was partially soluble in 
absolute alcohol, the remainder being soluble in water, forming a yellow 
rit solution free from bands but absorbing the violet end of spectrum. The 
it filtered absolute alcohol extract of this residue was yellow, and showed 


the same chlorophyll band in red as before and the same lipochrome- 

like band. It left on evaporation a yellowish-green residue, which was 

unchanged by iodine in iodide of potassium, became reddish-brown 

tly (@@ with sulphuric acid, and a dirty blue which soon passed away with 
| 2—2 
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nitric acid. Hence this sponge contained a trace of chlorophyll and a 
lipochrome-like pigment. 


Summary and Remarks. Out of these twelve species of sponge 
examined by me the following ten contained chlorophyll, namely :— 
Halichondria panicea. 
Halichondria caruncula. 
Halichondria rosea. 
Halina Buckland. _ 
Halichondria incrustans. 
_Halichondria seriata. 
Granta coriacea. 
Halichondria sanguinea. 
Leuconia Gosset. 
Pachymatisma Juhnstonia. 


Adding to these the seven, in the solutions of which Krukenberg 
observed a band in red, we have seventeen sponges containing 
chlorophyll, And adding Spongilla fluviatilis, eighteen. Lipochromes 
occur in nearly all; and a histohaematin in— 

. Halichondria panicea. 
Halichondria incrustans. 
Hymeniacidon albescens. 
Halichondria albescens. 
Leuconia Gossei. 

rosea. 
Hahna Buckland. 


A pigment resembling a “floridine” occurs in Halichondria rosea, but 
with a different spectrum, and owing to dearth of material I was unable 
to fully examine it. . 

A “uranidine” occurs in Graatia coriacea, and this in aqueous 
solution gave a band at D, sp. 15, which Krukenberg does not 
mention. With regard to the chlorophyll I have no hesitation in saying 


that no difference worth mentioning was observed between this and — 


vegetable chlorophyll. The lipochrome constituent (or constituents) 


reacted differently to the lipochrome of plant chlorophyll, as it remained 


unchanged with iodine in iodide of potassium, and the fractional method 
did not separate the chlorophyll constituents so. completely as in the 
case of plant chlorophyll. These results prove that the chlorophyll is of 
purely animal origin, for similar reactions were obtained by me in the 
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case of enterochlorophyll’. I am using the word chlorophyll now for the 
mixture of coloyying matters, which latter Hansen calls “chlorophyll 
green” and “chlorophyll yellow,” but if one were to restrict the name 
chlorophyll to the former constituent only, then it could be said that 
sponge chlorophyll is identical with that of plants, The objection 
might be made that the fractional method shows a difference; certainly 
such is the case as far as the colour of the solutions is concerned, and the 
division of the constituents between the bisulphide and the spirit, 
but in the case of sponge-chlorophyll we must remember that we have 
a relatively large amount of lipochromes, and a relatively small 
amount of “chlorophyll-green,” whereas in the case of plants the 
reverse is the case. But even in the latter the fractional method 
does not completely separate the green from the yellow constituent, 
and if relatively more yellow were present, the pure ‘green colour of the 
bisulphide would not be so well marked as it is. 

Another argument in favour of the animal origin of these pignients 
rests on the fact that if they were due to the presence of unicellular 
algae living in the sponge tissues we should find these algae micro- 
scopically, and detect cholorofucin® in the solutions spectroscopically, 


_ but such is not the case, Freshly frozen sections failed to reveal the 


presence of the former even when examined with powers up to 1250 - 
diameters, while an inspection of the accompanying spectrum-maps 
(Pl. I.) shows that the latter was absent. Marine algae of various 
kinds are often to be found growing into the sponge substance, but 
I always took care in cutting up the sponges to select those portions 
which were free from them. 

Hence it may safely be concluded, (1) that chlorophyll is present in 
sponges, (2) that it is built up synthetically by them. The question 
now arises of what use is it to sponges? It cannot be of use for mere 
surface colouration, as its colour is in most cases disguised by yellow, red, 
or other colour, and it must therefore be of use either for purposes of 
assimilation, as in plants, or for respiration. In Halichondria panicea 
the chlorophyll is much more apparent in the external parts of the 
sponge, and it is therefore likely that it has something to do with the 
absorption of light rays. One cannot help thinking that the very peculiar 


1 Philos. Trans, Part 1. 1886, I have not adopted the saponification method in this 
research as Krukenberg has done so already, and he finds that it decomposes the 
‘*hepatochromatic colouring stuffs,” but is necessary for the complete separation of the 
lipochromes, 

2 Quart. Journ. Micros, Soc. 1887, p. 573-590. 
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absorption spectrum of chlorophyll indicates a property which is 
peculiar to it, and which enables it to sift out rays of a certain wave- 
length to be utilised in the synthesis of the carbohydrates, &c., for 
although Professor Sachs’ states that, “on the whole, investigations 
on the spectrum of chlorophyll have hitherto yielded no facts of any 
physiological value,—i.e. we should know quite as much of the physio- 
logical functions of chlorophyll if its spectrum were absolutely unknown 
to us,” yet Vines’ has clearly shown that the experiments of Draper, 
upon which Sachs bases this opinion, were not made with a pure 
spectrum. And the experiments of Timiriazeff* and Engelmann‘ 
have clearly shown “that the decomposition of carbon dioxide by green 
plants is most active in those parts of the solar spectrum which 
correspond to the more conspicuous absorption bands of the chlorophyll 
spectrum.” I may here add that Pringsheim’s “screen theory” cannot 
apply to sponge-chlorophyll for reasons which it is unnecessary to give. 

The proof of the co-existence of starch with chlorophyll seems 
necessary before one can convince botanists that an animal chlorophyll 
can exist, but this assumption rests on ignorance of well-established 
botanical facts. In the first place, no starch is produced except the 
chlorophyll corpuscles are exposed to a bright light, and secondly, in 
some cases no starch can be found in them; thus Sachs says*, “In 
some cases it is impossible directly to observe starch as the product 
of assimilation in the chlorophyll grains. I found this to be the case 
in the leaves of our common onion (Allium cepa), where, however, 
large quantities of glucose (sugar) are to be recognised as the result 
of assimilation....It was observed later, that in the leaves of Strelitzia 
and Musa also fatty oils are found as a rule in the chlorophyll instead 
of starch. It thus appears that in many plants the starch produced in 
the chlorophyll may be at once transformed into fat, as may also be 
the case with some species of Vaucheria”. 

In connexion with this observation the fact is striking that in sponges, 
and indeed in the case of entero-chlorophyll also, the chlorophyll 
appears to be mostly dissolved in oil, and even in plants Pringsheim’s 
researches (which however Sachs rejects) have shown that “the 
protoplasmic matrix” (of the chlorophyll grain).“is of spongy texture 


1 Lectures on the Physiology of Plants, Eng. trans. p. 322, 
2 Vines. Lectures on the Physiology of Plants, p. 156 etc. 
3 Ann. de Chim. et de Phys. Sér. 5, x11. 1877. 

* Bot. Zeitg. 1882 and 1883. 

5 Lectures on the Physiology of Plants, p. 310 seq. 
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and forms a toughish framework, honeycombed by innumerable minute 
cavities. The interstices of this framework are everywhere permeated 
by an oily fluid called hypochlorin, which may be extracted by proper 
treatment, and is found to be of a somewhat crystalline nature. The 
green colouring matter is held in solution in this oil,’” Then, again, 
Godlewski showed in 1873 that in an atmosphere devoid of CO, no 
starch is produced in the chlorophyll corpuscles, even in the light’, and 
that very large quantities of carbon dioxide in the air prevent the 
formation of starch. 

The fact, that in sponges the chlorophyll is accompanied or often 
replaced by the lipochromes, would go to show that the step from a — 
lipochrome to a chlorophyll is not a great one, and it is highly probable 
that these colouring matters are concerned in the formation of fatty 
matters, perhaps from the waste carbon dioxide given off during the 
metabolic changes of the tissue products, and from the water in which 
they are bathed. 

I advanced the theory which Regnard’s researches’ seemed to 
suggest—that chlorophyll may be really a respiratory pigment—in a 
paper on the Chromatology of Anthea cereus*, also in another mentioned 
in the foot-note; and more recently Dr. Schunck’ has stated his belief 
that in plants it is concerned in respiration, but he suggests that it may 
be a carbonic-acid carrier, not an oxygen carrier, This theory would, 
if it turned out to be correct, explain the function of animal chlorophyll, 
but that it takes up CO, merely for the purpose of giving it up again 
ie to the surrounding protoplasm is a doubtful advantage to the animal. 
| lf on the other hand it could remove the waste CO,, and then by the 
tT influence of light rays build up from CO, and water, some substances, 
such as starch, glycogen, sugar or fat, which are of direct service to the 
animal, it would be of great use in the constructive metabolism of 
animals, And this is most probably the function which it does perform, 
judging from all recent botanical knowledge*. Possibly, however, it 
may be a bye-product, but this is unlikely. 


1 Behrens. Tesxt-book of General Botany, Eng. ed. p. 262. 

2 Sachs. loc. cit. 

3 Compt. rend., ct, 1298—1295, and Journ. Chem. Soc. March 1886, p. 254. 

* Quart. Journ. Micros. Soc., loc. cit., and Proc. Birm. Philos. Soc. Vol. y. part 1. p. 212, 

5 Opening Address Sect. B. Brit, Assoc. Meeting, 1887. 

6 In the case of enterochlorophyll it is possible that we have to do with a body which 
is either concerned in the synthesis of the carbohydrates, or is itself a bye-product of the 
synthetic process (constructive metabolism), which is now known to take place in the 
so-called “liver” of Invertebrates. The term “digestive gland” used by Howes and 
Scott in the extended edition of Huxley’s Biology is more appropriate than “‘liver.”’ 
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The extraordinary richness of sponges in fatty and ethereal oils, taken 


in connexion with the peculiar ozone-like smell which they give off, led — 


Krukenberg to search for ozone, but without result. 

Finally it may be remarked, that the union between oxygen and 
chlorophyll cannot be a loose combination, as it is in the case of haemo- 
globin, the oxygen must enter into an intra-molecular combination with 
the chlorophyll if at all, as the action of reducing agents teaches this 
fact. Besides we know that all respiratory pigments, except a few, such 
as echinochrome and aphidein, are united to proteids, and when sepa- 
rated from them are no longer respiratory; and the observations which I 
have made show that a histohaematin which is of respiratory use may co- 
exist with chlorophyll in sponges ; this would be a superfluous ad vantage 
if both pigments were respiratory in the same sense. It is possible that 
they may supplement each other, the histohaematin uniting with oxygen 
and the chlorophyll with the carbon dioxide. 

In the accompanying chart of spectra it will be seen that in many 
cases the whole series of chlorophyll bands are shown. In Krukenberg’s 
drawings, as a rule, only the dominant band. This doubtless was due to 
the fact that he worked with dilute solutions or examined layers of fluid 
too thin to show all the bands. 


Owing to the difficulty of reading the lipochrome bands, I am not by — 


any means certain that the measurements given here are accurate, and 
they must not be accepted as final. In many cases it is impossible to 
say where the shading begins or ends. ; 


EXPLANATION OF CHART OF SPECTRA. PI. I. 


Sp. 1. Absolute alcohol extract of Halichondria panicea, 

2. After diluting with water this was agitated with bisulphide of carbon, 
which showed this spectrum in a deep layer. | 

3. The same thinner layer showing the lipochrome bands. 

4. Glycerin extract of Halichondria panicea, showing bands of a 
histohaematin, 

5. Alcohol extract of Halichondria caruncula, 

6. Alcohol extract of a residue left by evaporating an alcohol solution of 
the chloroph yll of same sponge. , 

7. Aqueous solution of Halichondria rosea, 

8. Rectified spirit extract of same sponge. 

9, The same thinner layer: to show the lipochrome bands. 
10. Lipochrome bands in bisulphide of carbon from same sponge (sce 
description in paper). . 


t 
NS 
q 
A 
t 
= 
2 q 
4 
a 
§ 
th 
rt 
x 
3 
¥ 
| x 
is 
> 
a 
‘ 
4 
P 
4 
a 
‘Ss 
§ 
f 


JOURN. PHYSIOLOGY. VOL.IXPLATE 1. 


C AMac Munn ad-nst del . ‘Lith & Imp.Camb Sei. Inst Co. 


at 
3 
4 
a: 
J 
3 Ae 
q 
4 & 
x 
vA 
A q 
4 4 
4 
2 
4 
4 
a 
+3 
4 
3 
“4 
i 
4 wy x 4 
. 
a 
4 
P 
MM 
; 
2 
4 7 
4 
Ag 


Ags 
of 
. 
of 
o 
> 
| 
| 
4 a 
ie 


CHROMATOLOGY OF SPONGES. 25 


Absolute alcohol extract of Halina Bucklandi. 

12. The same thinner layer. 

13. Histohaematin band in sponge itself: Halichondria incrustans. 

14, . Glycerin extract of same sponge showing the histohaematin bands. 
‘ 15. The blackish-green uranidine of Grantia coriacea in water. (See 
description in paper.) 

16. Rectified spirit extract of Halichondria wonrnenes. 

17. The same thin layer. 


' All these were mapped from the microspectroscope and cannot be relied 
upon for wave-length measurements, the latter were calculated from a 
chemical spectroscope of greater dispersion, | 
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THE EFFECT OF STIMULATION ON THE POLARISA-. 
TION OF NERVE. By GEORGE N. STEWART, M.A., 
D.Sc. Senior Demonstrator of Physiology, Owens College, Manchester. 


In February and March of last year I made some experiments in 
the Physiological Institute of the University of Berlin, in order to 
determine whether stimulation has any effect on the polarisation of 
nerve. Many years ago du Bois Reymond investigated the phenomena 
of nerve polarisation, but without those aids to accuracy in electro- 
physiology which in the interval have been furnished to us mainly by 
himself. But the relation of the state of stimulation to the state of 
polarisation has, so far as 1 know, been left untouched. Hermann 
assumed, for the explanation of the apparent change of resistance pro- 
duced in a nerve by tetanising, that the positive polarisation, during the 
flow of the polarising current, is increased by stimulation. In regard to 
this experiment of Hermann’s and his explanation of it I may have 
something to say at another time. I merely mention it here because 
it was the starting point of this investigation. It is impossible to prove 
a change in the polarisation directly, while the polarising stream is still 
flowing. 

The question, therefore, was, How is the polarisation after-current 
affected by stimulation ? eo 

There are two ways in which one might make the observations 
necessary to settle this question. 

In the first place the polarisation deflection might be allowed to 
become pretty steady, and then the nerve might be tetanised and any 
effect observed. Secondly, the stimulation might be continued during 
the whole flow of the polarising current, and the amount of polarisation 
compared with that produced by a similar current when the nerve was 
at rest. Both methods were used, but, as a matter of fact, the latter is 
not so suitable for long periods of flow as the former, because the 
prolonged tetanus exhausts the nerve. There is this difference between 
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the methods, that in the first case the stimulus acts upon a polarisation 
already established, while in the second it may be supposed to influence 
the establishment of that polarisation. Since, however, when the latter 
method was employed the tetanus was continued after the opening of 
the polarising current, it is not certain to what extent this distinc- 
tion is a valid one. The first method was that which was chiefly 
used, 

The arrangements allowed of any one of three circuits being closed 
at will. One of these, which was distinguished as circuit a, contained the 
nerve and the battery; the second, circuit b, the galvanometer and the 
nerve; the third, circuit c, the battery, galvanometer, and nerve in 
series, A simple diagram to illustrate this is given in Fig. 1. 


Fre. 1, 

B is the battery ; G the galvanometer; N the nerve, which is laid on the clay electrodes 
E,, Ey ; Ky, Kg, Ky, Ky are keys. When K, and K, are closed, and K, and K, open, the 
nerve and the battery are in circuit. When K, and X, are open, and K, and K, closed, 
the galvanometer and the nerve are in circuit. When K, and K, are closed, and K, and 
K, open, the battery, galvanometer, and nerve are all joined up in series. 7 


If the large arrows represent the direction of the polarising stream 
when circuit a is closed, the small arrows marked + will represent the 
direction of the positive polarisation stream through the galvanometer 
when circuit 6 is closed. fe 

Of course the circuit c is not required for a pure polarisation 
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experiment. The purpose of it was to be able to measure the “change 
of resistance effect” at will. This effect has, I believe, an important 
relation to the phenomena more .immediately considered here. This 
relation I propose to discuss in a separate paper. 

It was of importance that the galvanometer circuit 6 should be 
closed as soon as possible after opening the battery circuit a, and that 
the interval between the opening of the one and the closing of the other 
should be as constant as possible in the different observations. For this 
purpose a special little arrangement was used by means of which the 
interval could be made as short as ‘07 second, or could be one at 
will to *35 second. 

By touching a spring attached to a wooden upright a wehak was 
released. The same motion which released the weight opened the 
battery circuit. The weight at the bottom of its fall struck a loosely 
hinged leaf of wood carrying on its under surface a transverse strip of 
brass. When the- hinge was depressed by the weight, this strip 
completed the galvanometer circuit by pressing on two metal springs 
connected with binding screws to which the galvanometer wires were 

attached. The interval between the opening of circuit a and the closing 

of circuit b, leaving out of account the inertia of the hinges &c., is of 
course the time which a body falling from rest under gravity takes to 
traverse the distance between the spring and the leaf. The time of 
flow was read by the watch when it amounted to three seconds or 
upwards. When it was desired to employ a current of shorter duration 
than one second, the little piece of apparatus described, with a small 
addition fitted to it, served to measure the time of flow. The additional 
piece consisted of a light wooden lever with one arm much longer. than 
the other. Its fulcrum was a screw attaching it to an upright, and it 
was. very freely moveable in the vertical plane. Before the descent of 
the weight its short arm rested beneath the edge of the folding leaf, and 
in contact with it. The long arm carried a copper wire which was bent 
at the ends at right angles to the length of the lever, and the ends 
dipped into mercury cups. The cups were placed in the battery circuit, 
which was closed only so long as the ends of the wire were in the cups. 
The binding screws attached to the spring which released the weight 
were now connected by thick wires with the rheochord, forming a short 
circuit for the battery current. So long as the weight was unreleased, 
the current went nearly all through this short circuit, and hardly any 
through the nerve. By touching the spring the short circuit was 
broken just at the instant when the weight began to fall, and the 
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current got access to the nerve. As soon as the weight struck the leaf, 
_ the end of the lever flew up and broke the battery circuit at the cups; 
and, immediately after, the galvanometer circuit was closed by the 
_ pressure of the brass cross-piece already mentioned on the metal 
springs. 

In many of the experiments it was found convenient to dispense 
_ with this apparatus altogether, and to perform the make and break by 
means of a Pohl’s commutator without the cross wires. With the 
bridge of the commutator down in one position the battery circuit was 
cloeed : when it was tilted over into the other position, the Gevatios 
meter circuit was closed and the battery circuit broken. 


Fic. 2. 


G is the galvanometer; B the battery ; ; R arheochord. N is the nerve with a piece of 
spine s attached ; M is the gastrocnemius; a, 8 y are three Poh|’s commutators, of which a 
alone retains the cross wires. The only use of a is to reverse the direction of the polarising 
current. The function of 8 is to make and break the battery and galvanometer circuits. 
y is used to form the third cireuit c of Fig. 1. In the position of the bridge of y shown in 
the figure circuit ¢ is not formed. By reversing the bridge of y it is formed, In the 
figure, 8 is shewn in the position which closes the galvanometer circuit (b); by reversing + 
the battery circuit (a) is formed, b being broken. 

Commutator a is shown in the position for sending a Sisdeoiling simveakiboaiads tee 
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Fig. 2 shews the actual arrrangement by which in most cases the 
requirements illustrated in Fig. 1 were fulfilled. 

By attaching wires to the side cups of commutator a, carrying 
them to the second coil of the galvanometer, and using the latter as a 
differential galvanometer, a measurement of the resistance of the nerve 
could be made at any time, and also a measurement of the apparent 
change of resistance produced by stimulation. | 

A commutator was introduced into the primary circuit of the 
induction machine in order to give the means of testing at once 
whether any of the. effect depended upon the direction of the 
stimulating stream. This was » check upon bad insulation. 

The nerve was always the sciatic of the frog, with the plexus up to 
the vertebral column, and the stimulus was applied to the central end. 
The gastrocnemius in most of the observations was left attached to the 
nerve and connected to a muscle telegraph. In most cases the same 
pair of non-polarisable electrodes was used both to transmit the 
polarising current, and to lead off the polarisation current. This was 
done partly in order to be able to keep the muscle attached, as it was 
found a little difficult to arrange three pairs of electrodes on the short 
stretch of nerve afforded even by a fairly large frog. The chief reason, 
however, was that it was desired to be able at any moment to reproduce 
Hermann’s arrangement for measuring the apparent change of 
resistance by closing circuit c. But the currents were generally of short 
duration, and not very strong. In at least half of the experiments the 
current did not exceed that of a single Daniell; and that of eight small 
Groves was the maximum strength used. Such currents are of course 
comparatively weak for work of this kind; and polarisation at the 
surfaces of contact of the clay and the nerve was hardly to be dreaded. 
Besides, such a polarisation, even if it appeared, could scarcely affect 
the general result on account of the regular change of direction of the 
current, It could only affect the amount of polarisation, and not the 
change of poiarisation on stimulation. To avoid all suspicion, however, 
several sets of experiments were made with two pairs of clay electrodes, 
and in those cases the nerve was divided from the muscle. The whole 
of the electrodes &c, were contained in a large moist chamber, the 
insulation being rendered as perfect: as possible, 

_The resistance of the piece of nerve interposed varied from 100,000 
to 150,000 ohms. | 
~The stimulus used in most of the observations was a weak one, the 
shock viz. of a du Bois coil with one Daniell in the primary circuit, 
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none of the cores in, and a distance of 150 mm. between the coils. As 
far as possible, of the three variables, strength of current, time of flow, 
and intensity of stimulus, only one was altered at a time. It was not 
found possible to observe this rule strictly, because in the case of 
strong currents a long period of flow would have entirely masked the 
true effect by depressing the vitality of the nerve. 

The current of rest, frota the mode of preparation, was generally 
small—so small that it was seldom thought worth while to compensate 
it. The negative variation was always observed and allowed for. It 
was generally only a division or two. 

The polarising current was passed first, say in the descending 
direction, and the polarisation deflection or deflections (for there was 
often a double-signed deflection) were read off. As soon as the magnet 
had come to rest, the stimulus was applied and the change of the 
polarisation deflection noted. This was corrected for any steady 
deflection caused by stimulating the nerve before the passage of the 
polarising current. This steady effect would correspond practically to 
the negative variation throughout the whole experiment, when suffi- 
cient intervals were allowed between the successive observations, 
Doubtless the true negative variation might be increased or diminished to 
some extent by stimulation changes in the traces of polarisation which 
linger so long in a nerve, after it has been repeatedly traversed by a 
current. The only safe method was to test the nerve before each observa- _ 
tion to see the amount of steady stimulation effect. This was always 
done, an interval being allowed after each observation for the polarisa- 
tion to die away. Sometimes a series of readings were taken in order 
to determine how the stimulation effect fell off with the time. After a 
strong current it was found very tenacious. The same routine was gone 
through for the ascending current. In every case at the end of the 
experiment the nerve was ligatured or crushed between the stimulating 
and the polarising electrodes, and the observation repeated so as to be 
sure that there was no escape of the stimulating stream into the 
galvanometer circuit. 

Before considering the numerical results, a word or two may be 
allowed on the interpretation of polarisation deflections in general. 
And in the first place it does not at all follow that a positive polarisa- 
tion must shew itself by a positive deflection. It may be swamped. by 
a negative polarisation and a negative deflection. I believe that these 
experiments tend to shew, that with every strength of current and 
with every time of flow positive polarisation is present, provided always _ 
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that the vital properties of the nerve are not interfered with. Positive 
deflections, of course, only appear when the conditions are such as to 
favour positive, as compared with negative polarisation. 

If a polarised nerve be in circuit with a galvanometer, the deflection 
is really a measure of the algebraic sum of two currents, a positive and 
a negative. There may be added.the current of rest of the nerve. 
Considering merely the polarisation currents we may have, let us say, a 
deflection in the negative direction. What does this shew? Not that 
positive polarisation is absent, but only that it is less than the negative 
polarisation. As to the absolute amount of either, we get no informa- 
tion. For example, if w be the deflection which the positive polarisa- 
tion in any given case would produce, if it were present alone; and 
that which the negative polarisation would produce if it were present 
alone; then #2— represents the actual deflection observed = A, say. 
Now for any given value of A = a, we have the indeterminate equation 
where and are variables, and @ may be positive or 
negative. We can give m any value we please and deduce a corre- 
sponding value for y. For the case where A = 0, i.e. where there is no 
apparent deflection on closing the galvanometer circuit, we have w=. 
So that, with no deflection, there may theoretically be any amount 
of polarisation in the nerve. How is one to distinguish a polarised 
nerve in this condition from an unpolarised streamless nerve? So long 
as they are unstimulated, the galvanometer shews no difference 
between the two. The stimulus, as will be seen, supplies us with a test 
for this case. 

In the course of this investigation I ie once or twice found a 
nerve in this “critical” condition, apparently with little or no current in 
it. On stimulating, I got a large deflection; and in a little time one 
of the polarisations began to give way more quickly than the other, 
and a more permanent deflection resulted. In a few minutes stimula- 
tion gave only the usual small negative variation. 

The point is, therefore, that the observed deflection shews only the 
difference of the two polarisations. And if on stimulation,a change 
of the deflection occurs, all we can say, without further investigation, 
is that the difference between the amount of the positive and negative 
polarisations has changed. It is necessary to bear this in mind for 
the proper interpretation of the numerical results, a few of which I 
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EXPERIMENT 8, 


20” | - 55 20” | -10 


20” 


A 20° | ~7 D 20” | -85 


C 20" |-6 | | | 
20" | -9 | 
20” | -65 | 


As an example of stronger currents I give the following from 
experiment 7. 3 


1 2 3 
3Groves | $10” | -16 {7135 


” 60 
410" | -175 
4 Groves 5” 17 94°5 
27 


+ 33 


~ -- 


In column 1, a description of the polarising current is given, Thus 

: A | 20” means that a current of strength A was allowed to flow for 
twenty seconds in the descending direction through the nerve. A 

was, roughly speaking, 1/9 of the current produced, by the E, M. F. of a 
Daniell working through the resistance of the piece of nerve. More 
exactly, if A be represented by 5, then B would be represented by 8, 
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C by 18, D by 23, E by 41, and F (the whole current of a Daniell) 
by 44. 

In column 2, the amount and the sign of the change of polarisation 
are noted. Thus—7 means that on stimulating after passing the 
polarising current there was a change in the deflection of 7 divisions in 
the direction of negative polarisation. In column 3 (Experiment 7) the 
amount and sign of the polarisation deflections are given. The 
numbers are corrected for any steady stimulation effect present in 
the nerve before the passage of the polarising stream. The greatest 
care, as has been said, was taken, to prevent any error arising from this 
source, by allowing an ample interval between each observation, and by 
repeated tests during that interval; and no reading was ever taken 
until the amount of any such effect had become not only small but 
constant. 

If we look at the results of Experiments 7 and 8, whiok are merely 
samples of the results of the first method, the unbroken uniformity 
of the negative sign in column 2 is somewhat striking. From the 
weakest to the strongest currents used the effect of stimu- 
lating a polarised nerve is always in the negative direc- 
tion—in the direction, that is to say, of a decrease of the 
positive polarisation, or of an increase of the negative po- 
larisation. 

There are various considerations which go to shew that of the two 
polarisations the negative is the one which is more connected with the 
physical properties of the nerve as a moist conductor, while the positive 
polarisation seems to be connected more with its properties as a 
living conductor. If there was any means of being sure that at a 
given moment a nerve, still living, possessed only one of the polarisa- 
tions, then it would be possible to say absolutely whether that one was 
or was not (within the limits of sensitiveness of our methods) affected 
by the state of stimulation. It is of course easy enough to bring out a 
purely negative or a purely positive deflection, but as has been pointed 
out this.is no indication whatever of the existence of a pure negative or 
positive polarisation. When we speak, therefore, of the above effect 
as a decrease of the positive polarisation, it does not shut out the possi- 
bility, that part of the effect may be due to increase of the negative 
polarisation. Suppose, however, the negative polarisation to be un- 
affected, and call it just before the stimulation, y. Call the positive 
polarisation as before 7. Then the deflection is A=r—wW where A 
may be either positive or negative. Suppose now that, by tetanising 
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with a stimulus of given strength, x becomes am where a is less than 
unity, then we have A’=ar—w, where A’ is the new deflection. 
And A—A’=7 (1—a), .. being constant, A— A’ varies with 
Now A-—A\’ is the change observed on stimulation, therefore the 
amount of this change depends on the amount of positive polarisation 
present without reference to the negative polarisation. This is im- 
portant because it shews that the conditions required for bringing 
out a large stimulation effect are not the same as those required for 
bringing out a large positive polarisation deflection. A short aime 
of flow may not, therefore, be a condition of a large stimulation effect. 
A longer time of flow, in spite of the overwhelming increase of the 
negative polarisation, may be more favourable for bringing out our 
effect; because the positive polarisation, although it is said not to 
increase much with the time, holds its ground longer the longer the 
time of flow. 

The general results of the observations would seem to shew that, 
with weak currents, the effect noted in column 2, increases, 
within limits, with the time of flow of the polarising current. 
Nevertheless the increase is not very great. Special experiments were 
made on this point, the current being kept constant and the time of 
flow varied from 1” up to 1’. 

: The small amount of increase of the stimulation effect with time 

of flow agrees very well with the hypothesis that it is only the 
positive polarisation which is affected by stimulation. If the negative 
polarisation were affected to any great extent, there ought to be a very 
decided inerease in the amount of the effect with increase in the time of 
flow. 3 

The next question is, how does the effect vary with the strength of 
the polarising steam? When one uses strong currents and long periods 
of flow, it hardly needs to be said that the nerve is quickly killed 
and all effect ceases. So that it is not easy to make a direct comparison 
between weak and strong streams for equal times. When the stream, 
say from 8 or 9 Groves, is passed through a nerve even for 5” or 10”, 
one cannot be sure that the irritability of the nerve remains the same. 
A change of irritability would of course introduce the same! error in | 
comparing two results as would a change in the strength of the 
stimulus. Still in most of the experiments the increase in the numbers 
in column 2 is very evident as the intensity of the current increases, 
even with diminishing time of flow. The general result may be stated 
thus:—The stimulation effect increases, within limits, with 

3—2 
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the strength of the polarising current. This also agrees with 
the hypothesis that it is the positive polarisation which is affected. For 
we know that with increasing strength of stream there is a rapid increase 
of the positive polarisation. Experiments 7 and 8 illustrate this result. 
Of course we have to remember that with strong currents the nerve 
gets exhausted, so that it is not fair to compare the results at the very end 
of an observation with those at the beginning. There is still another 
thing which points to the positive polarisation as the one affected 
by stimulation. If the nerve was crushed midway between the clay 
electrodes, which was done in several of the experiments in connection 
with another question, the effect of the injury was to abolish the 
positive polarisation deflection ; and with its disappearance, the effect of 
column 2 also practically fell out, notwithstanding the fact that the 
negative polarisation was still apparently unimpaired, and although 
the stimulation could still affect one half of the interposed piece of 
nerve. 

Experiments 12, 13 and 14 may be taken as examples of the second 
method of observation, where tetanus was continued during the whole 
flow of the polarising stream. 


EXPERIMENT 12. 


Polarising Current | Polarisation Deflection 


Here the time of flow was only ‘14 second, Two pairs of clay electrodes 


were used. 


The point of interrogation after the last observation implies that 


there was some doubt as to its accuracy. | 


Tetanus Rest 

iat -17°5 

+14 + 20:5} 
- — 20°5 

+17 +21 

— 22 -—19 

+ 22°5 + 33} 

+ 33 + 30 
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EXPERIMENT T3. Time of flow Experiment 14. Time of flow 
"14 second. ‘14 second. Medium stimulus. 


Tetanus Rest Tetanus Rest 


— 30 - 31 - 5 - 4 
8 Groves 8 Groves | } 


+18 +29 
8 Groves} | | 8 Groves } 
8 Groves} | 8 Groves} | | 
5 Groves} | | | 8Grovent | | 
1 Grove + of 


Medium stimulus means a stronger stimulus than that which was 
used in the other observations quoted. 

The deflection was in every case of double sign, going first to the 
negative side, then to the positive. 

The amount of the deflections is placed in the columns headed 
“Tetanus” and “Rest.” In the “Tetanus” column, of course, the 
correction for steady variation immediately before passing the polarising 
current has been made. 

It will be seen that, almost without exception, the positive 
deflection falls out smaller during tetanus than during rest. 
Also that the negative deflection generally falls out larger 
during tetanus than during rest. 

The fact that the negative polarisation deflection is affected by 
tetanus is of course no proof at all that the negative polarisation 
is so affected. If the positive polarisation be diminished (and we have 
seen that there are reasons for supposing that it is alone or mainly 
influenced) the negative deflection will necessarily be increased. It will 
be noticed that, in general, the decrease of the positive deflection 
is greater than the increase of the negative. Perhaps this is partly 
accounted for by the longer time it takes for the mirror to swing 
over to the positive side on account of the larger negative deflection. 
It may be. remarked in this connection that “the galvanometer used 
was a Wiedemann, perfectly damped, and therefore swinging very slowly. 
Since the positive polarisation is continuously falling away from the time 
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of opening of the polarising current, the positive deflection would, of 
course, tend to come out smaller than if the negative deflection had 
been unaltered. The difference of the positive deflections would there- 
fore be somewhat greater than the difference of the negative deflections. 

There are irregularities in the behaviour of the negative polarisation — 
which cannot be explained in this way. 

Occasionally it seems to be even diminished by tetanus; but in 
those cases the positive polarisation is found to be still more diminished, 
which again corroborates the view that it is really the positive polarisa- 
tion which in general is diminished in tetanus and not the negative 
polarisation which is increased. For if the apparent decrease of the 
positive deflection were due to an increase of negative polarisation, then 
a decrease of the latter ought to be accompanied by an increase of the 
former. This is not found, however. 

The only readings, in the three experiments quoted, which shew an 
apparent increase of positive polarisation during tetanus, are the last 
readings of 12 and 13 respectively. The former is marked doubtful in 
my notes. In the latter case the nerve had been traversed by strong 
currents and was. certainly impaired in vitality. In both cases the appa- 
rent increase was very small. Last readings at any rate are not very 
reliable when the nerve has been subjected to a good deal of bad 
usage. 

In short the second method seems to bring out the same results as 
the first. 

We may sum them up thus. ? 

1. The effect produced by stimulation is in the direction of diminu- 
tion of the positive polarisation. 

2. Within limits the effect is somewhat greater the longer the 
time of flow of the polarising stream. 

3. The effect increases, within limits, with the density of the polar- 
ising current. 

4. As might be expected, the sence increases with the strength of 
the stimulus. 

The last being an almost obvious result, I have not thought it worth 
while to give the details, 
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ON THE RHYTHM OF MUSCULAR RESPONSE TO 
VOLITIONAL IMPULSES IN MAN. By W. GRIF- 
FITHS, BSc, MRCS. Pl. IL 


From the Physiological Laboratory, University College, London. 


Ir has been already pointed out in a previous number of this 
Journal that it is possible to obtain myographic tracings exhibiting a 
series of more or less regular waves from muscles contracting in response 
to volitional impulses. Such myograms were obtained by Professors 
Horsley and Schafer’ from animals and by Messrs Canney and 
Tunstall’ from man. And the important observation’ made by 
Professors Horsley and Schafer, that the rhythm of the muscular 
response in case of volitional and reflex contraction is essentially the 
same as that which results from electrical excitation of the nerve centres, 
suggests that myograms of voluntarily contracting muscles cannot be 
neglected in seeking to understand the nature of a voluntary muscular 
contraction. For if we are justified in assuming that the waves in the 
myograms obtained from a voluntarily contracting muscle, and from 
muscles contracting in response to electrical excitation of the nerve 
centres, are graphic representations in both cases of similar processes, 
we have direct evidence of the discontinuous nature of a voluntary 
muscular contraction. And further myograms taken from muscles 
contracting in response to volitional impulses afford a ready means 
of investigating some of the conditions of voluntary contraction. 

In this paper I propose giving the results of a series of experiments 
carried out with the object of determining what influence, if any, strain 
may exert in modifying the number and character of the waves seen in 
the myogram of a voluntarily contracting muscle. 

The apparatus used was the same as that already described by 


1 ‘On the character of the muscular contractions which are evoked by excitation of the 
various parts of the motor tract.’ By Professors Horsley and Schifer. This Journal, 
Vol. 

2 ‘On the rhythm of muscular response to volitional impulses inman.’ By Professor — 
Schafer assisted by Messrs Canney and Tunstall. This Journal, Vol. vi. 
5 This Journal, Vol. v1. page 105. 
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Professor Schifer, and figured in Plate VI. fig. 1, in Volume VII, of © 
this Journal, with certain modifications which will be described in the 
proper place. 

But before we proceed to the modifying conditions it is necessary to 
answer more fully a question already suggested. What is the meaning 
of the waves seen on a myogram taken from a muscle contracting 
voluntarily? Are they graphic representations of contraction waves or 
are they merely vibrations of the muscle caused by the sudden variation 
in tension which occurs when the muscle contracts against resistance ? 
Are they of Physiological or Physical import ? 

It is well known that a string stretched between two points is 
thrown into a state of vibration on having its tension more or less 
suddenly increased, and at least the transverse vibrations could easily 
be graphically represented on a revolving surface if the vibrating string 
were suitably connected with a receiving and recording tambour. It is 
found when the insertion of a muscle is divided that there is a slight 
retraction of the muscle, and from this it is concluded that normally the 
muscles are stretched to a very slight extent. May not the muscle then 
be looked upon as a string stretched between two points, and may not 
the myogram waves be merely graphic representations of the transverse 
vibrations following increased tension due to contraction ? 

Apart from other objections which might be urged there are two 
serious objections to our regarding the myogram waves as vibration 
waves. 

In the first place it is found that the number of vibrations made in 
a given time by strings of equal densities under equal stretching forces 
varies inversely as the length of the string, and also inversely as twice 
the radius. But on comparing the results of myograms taken from the 
Biceps [Table I. p. 45] which is a long muscle, with those of the 
myograms of the thumb muscles [Table II. p. 46], for equal weights 
a greater number of waves per second will be found in the former, 
which is just the opposite of what we should expect if we were dealing 
merely with the physical phenomenon. 

It must be remembered also that equal weights do not mean equal 
stretching forces in the case of the Biceps and muscles of the ball of the 
thumb respectively. For the weight was suspended from the first 
phalanx of the thumb when its muscles contracted, but was held in the 
outstretched hand when the Biceps was made to contract, and thus the 


Biceps had to lift the weight applied at the end of a comparatively long 
lever. 
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In the second place, the number of vibrations made in a given time 
by strings of equal densities, lengths and diameters, varies directly as 
the square root of the stretching weight in transverse vibrations, or of 
the coefficient of the modulus of elasticity in longitudinal vibrations. 
We should expect therefore a greater number of vibrations for a greater 
stretching weight in this proportion. But on consulting the myograms 
[see Tables] we find no such relation. There is up to a certain point 
some increase of the number of vibrations for an increased weight, but 
once this point is reached any further increase in weight is accompanied 
by a decrease in the number of vibrations. 

On the other hand, there is no necessary antagonism between the 
indications of the myograms and any vital process; indeed, as will be | 
pointed out, there is a very remarkable coincidence between the 
character of the variation in the number of vibrations and some 
important physiological processes, such as the production of heat in the 
muscle and the effect of work, Further, the observation already referred 
to of Professors Horsley and Schafer that the rhythm of muscular 
response in case of volitional contraction is essentially the same as that 
which results from electrical stimulation of the nerve centres is strong 
evidence of the Physiological nature of the myogram waves obtained 
from a voluntarily contracting muscle. 

Assuming then that the waves of a myogram obtained from a 
muscle contracting in response to volitional impulses are graphic 
representations of an incomplete tetanic state, we have now to answer 
the following questions : 

What is the number and character of the waves in a myogram 
obtained from a voluntarily contracting unweighted muscle ? 

What are the conditions, if any, which modify the number and 
amplitude of these waves ? 

1. The number of muscular responses per second in a voluntarily 
contracting unweighted muscle. 

The generally accepted idea is that when a muscle contracts 
voluntarily, ie. through the will, it makes 19°5 vibrations per second’; 
this idea is based on the note heard on listening to a cpatenntiug 
muscle. That this note cannot be regarded as a true indication of the 
number of oscillations in a contracting muscle has been pointed out by 
Helmholtz, who has shown that this sound coincides with the 

fundamental note of the ear. 


1 Landois and Stirling. Text-book of Human Physiology, Vol. u. page 666. First 
edition. 
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Professor Schafer in the paper’ already referred to has urged 
weighty arguments against our regarding the note heard on listening to 
a contracting muscle as a true indication of the number of muscular 
responses, or even as a proof of the discontinuous nature of a voluntary 
contraction. 

Horsley and Schifer found in their experiments on animals that 
the voluntarily contracting muscle made a number of responses varying 
from 8 to 12, or 13 per second’, giving an average of about 10 per 
second. 

Canney and Tunstall in their experiments on man also found the 
number of muscular responses to vary from 8 to 13 per second’, giving 
an average of about 10 per second. 

And from a very large number of tracings taken from myself and 
other individuals I have come to the same conclusion. 

But from a large number of tracings taken chiefly from my own 
muscles I have strong reasons for believing that the range of variation 
stated above is too wide, and that the higher numbers are too high for 
the ‘unweighted’ muscle. By ‘unweighted muscle’ I mean not only 
that the muscle is liberated from the influence of any force external to 
the body during contraction, but that it is also liberated as far as 
possible from the influence of the simultaneous contraction of antago- 
nistic muscles. For example, if the extensors of the thumb are con- 
tracted at the time when we are taking a myogram from the muscles 
of the ball of the thumb, it is evident that the latter muscles have 
during contraction to overcome a force as real as if they were made to 
draw up a weight by means of a string over a pulley. It is important 
to keep this in mind and to guard as far as possible against contraction 
of antagonistic muscles when taking a myogram from any given muscle, 
otherwise we shall have results from whose variable and uncertain 
character we may prove any theory which we have at heart, but from 
whose regularity we can prove nothing. 

In animals the influence of the simultaneous contraction of antago- 
nistic muscles might be eliminated by dividing the motor nerves of 
these muscles, and it was also eliminated in some of the experiments of 
Professors Horsley and Schafer by cutting through the insertion of 
the muscle and attaching the tendon by string to the recording lever. 
In man complete elimination is almost impossible, but partial -elimina- 


1 This Journal, Vol, vu. pages 111—112. 
2 Ibid. page 101. 
3 Ibid. page 114. 
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tion can be effected by fixing the limb and by practice in myogram 
taking. When I first began taking myograms from my own muscles 
contracting in response to volitional impulses I found no difficulty in 
getting good myograms, having from 12 to 13 waves per second for the 
_ muscles of the ball of the thumb [Table I], and 13 to 14 per second for 
the Biceps [Table II.] when these muscles were made to contract with- 
out having to overcome any force external to the body. After taking 
tracings for several months from the muscles of the ball of the thumb 
voluntarily contracting under different weights, I one day tried again to 
take tracings from these muscles when they were not made to lift any 
_ weight but found that the waves in the tracings were so indistinct that 
it was almost impossible to count them, but so far as I could count 
them they were fewer in number than those of the tracings taken from 
the sare muscle contracting under no external force some three months 
before. I could still however obtain good tracings having 10 to 13 
distinct waves per second without making the contracting muscles lift 
any weight; but when this happened, I was distinctly conscious now 
of the simultaneous contraction of antagonistic muscles. The more 
thoroughly I eliminated this antagonistic action the more indistinct my 
tracings became. On two occasions I obtained short tracings with 
fairly distinct waves when the muscles were fatigued, although as far 
as my consciousness went there was no resistance offered by the 
antagonistic muscles. In this latter case the waves per second were 
fewer, 8 to 10 per second. 

The foregoing observations may possibly explain how it is that 
Cadiat’ failed to get evidence of discontinuity except in fatigued 
muscle. They may also partly explain the range of variation in the 
number of the waves in the myograms obtained by Horsley and 
Schafer from animals and by Canney and Tunstall as well as by 
myself from man. It is quite possible that the different muscles from 
which the records were taken had to overcome different resistances, and 
that the same muscle at different times contracted under variable 
_ opposing forces, and was in different states. 

The only conclusion we seem justified in arriving at from a con- 
sideration of the results so far obtained is that the generally accepted 
idea that normally there are 19°5 muscular responses per second when 
the muscle is voluntarily contracted is erroneous. That the exact 
number is uncertain, but that the average number of muscular responses 
per second is not more than 10 for the unweighted muscle. 


2 Quoted by Professor Schafer in this Journal, Vol. vu. page 112, 
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2. Conditions modifying the number of muscular responses per 
second in a voluntarily contracting muscle. 


‘ It 1s generally assumed as seen in the passage seats quoted from 


Landois and Stirling, that when a muscle contracts voluntarily it. 


makes 19°5 vibrations per second. 
The experiments of Professors Horsley and Schafer on animals, 


and those of Messrs. Canney and Tunstall on man, show that there is 


no such constant number of muscular responses when a muscle contracts 


voluntarily, but that the number of vibrations varies from 8 to 13 per | 


second. 

In my own experiments I find that the number of muscular 
responses varies from 8 to. 19, or even 20 or 21 in some cases, 

With the object of ascertaining some of the ¢onditions associated 
with these variations I have carried out a series of experiments specially 


bearing on the effect of weight. and continued action upon the myogram. 
‘The muscles were made to lift weights at the time that the tracings 


were taken from them. In the case of the thumb the weight was 
suspended by means of a, fine flexible string passing freely over a pulley 
and brought to bear on the thumb by means of a-collar into which the 
second phalanx was inserted. In order to eliminate the effect and 
prevent the contraction of the other muscles of the hand and forearm 
the fingers and the wrist were made immovable by means of a wooden 
stock. In the case of the biceps muscle, the weight was held in the hand, 
the forearm being freely stretched out and free to move while the arm 
rested on a wooden box. The receiving tambour in each case was 
fixed in an adjustable support so arranged that the button of the 
tambour was brought into contact with the muscle during contraction. — 

I started by taking a series of tracings—about fifty—with different 


weights from the muscles of the ball of my thumb contracting in 


response to volitional impulses. I began with 50 grammes, and increased 
the weight by 50 grammes until the total of 5000 grammes was reached. 
On taking the average of the number of waves per second for each 


weight and comparing the different averages I found that with the 


increase of weight there was an increase in the number of waves per 
second. But as the number of seconds from which the averages were 
taken was necessarily small, and as I had not observed all the con- 
ditions which suggested themselves to me when making the calculations 
I discarded all these tracings and started afresh. 

~ The results. of the above myograms seemed clearly to point to a 
relationship between the variation in the number of vibrations and the 
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amount of weight lifted. Several points in the tracings also suggested 
to me that the variation in the number of waves could be brought 
about by @ variation in the load only, or a variation in the time during 
which the muscle was made to contract, the load remaining the same. 


I, Effect of combined load and action on the number of waves in a 
myogram of a voluntarily contracting muscle. 


In the series of tracings, the results of which are seen in Tables I. and 
IL. no attempt was made to separate the influence of an increase in load 
from the influence of an increase in the time during which the muscle 
was made to contract. The individual tracings of a group for any given 
weight were for the greater part taken in rapid succession, as three or 
four tracings were taken on the same sheet atid only a couple of minutes 
were allowed to elapse between the several sheets. All the tracings 
except those for ‘no weight’ presented distinct and remarkably regular 
waves. Specimens of the tracings are given in the accompanying plates. 
The number of waves per second for a given weight was very constant, 
not presenting a deviation of more than one or one and a half from the 
average number per second when the tracings were short, i.e. not extend- 
ing over more than 8 or 9 seconds. Most of the tracings whose results 
are given in Tables I. and IL. were of this length. 


| | Table I. : 
Presenting Analysis of series of Myograms taken from the Bioepe 
Muscle contenening in response to volitional impulses, 


Weight in grammes | | rom whic the avergs | Average of 
0 9 33 14 
3000 7 
5000 12 mee, | 18 
6150 70 
(dead strain) 
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| Table IT. 


Presenting Analysis of series of Myograms taken from Muscles of 
ball of Thumb contracting in response to volitional impulses. 


grammes Number of dey 

43 

2000. 90. 

4 
154 
6000 10 103 143 


Two points of considerable interest are muinetio | on examining 
Tables I. and II. 
Firstly. The number of waves per second in the myograms taken 


_ from the bieeps muscle is higher than that of the myograms taken from 


the thumb muscles contracting against the same stretching forces, This 
is just the opposite of what we should expect if these waves were merely 
of physical import. 

Secondly. As the weight is increased there is an accompanying 
increase in the number of waves per second up'toa certain point. Once 
this point is reached any further marked increase in the weight is 
accompanied not by an increase but by a decrease in the number of 
vibrations, For equal increments of weight-the phase of decrease is 
more rapid than the phase of increase. 

This peculiar relationship between the variation in the stretching 


weight and the variation in the number of waves per second is’ not so - 


prominent in the case ofthe thumb as in the biceps myograms. The 
explanation is, I believe, to be found in the following facts, the full 
meaning of which will be better understood after the results of the 
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experiments on the effect of increase’in weight, and the effect of activity 
respectively on the number of waves per second have been given, 
Firstly, in the case of the biceps myograms; the group of myograms for 
a higher weight was commenced soon after the group for a lower weight 
had been finished. When this did not take place and a considerable 
interval necessarily intervened the muscle was submitted to some 
exercise, but not fatigued, before commencing the new group of tracings, 
In this way @ certain uniform state of the muscle was secured before 
commencing each group of tracings. No such precautions however were 
taken in the case of the thumb myograms. 

For example, the muscles of the thumb were greatly fatigued bakers 
beginning the group of myograms for 3000 grammes, On the other 
hand, an interval of several days had elapsed before I took the group of 
myograms for 4000 grammes, and the muscles were not submitted to 
any exercise before I began. In the second place, I was distinctly 


- conscious on three occasions of a peculiar thrill in the interior of the 


forearm during the time the myograms for 5000 and 6000 grammes 
were taken from the muscles of the. ball of the thumb. Was this 
thrilling sensation in the interior of the forearm due to the contraction 
of the flexor longus pollicis muscle? If so the waves in the myograms 
taken from the thumb muscles contracting against weights of 5000 and 
6000 grammes respectively are graphic representations, at least in part, 
of the responses of the flexor longus polls muscle, while the waves in 
the myograms for the lower weights are due to the responses of the 
muscles of the ball of the thumb, 

It is further worthy of note that the lowest. number of waves ser 
second are found in tracings taken from the muscles (1) when made to 
contract voluntarily against no external force, and (2) under a foree which 
is too great to be overcome. For the unweighted Biceps I found 14 to 


15 waves per second; when the Biceps was made to contract against a 


force which it could not overcome—dead strain—the myograms pre- 
sented an average of 15 waves per second,—see Table I. In the case 


of the thumb muscles, when the unweighted muscles were made to 
contract, the myograms presented an average of 10 waves per second, 


—see Table IV.; when the muscles were in a state of dead strain the 
myogram predated 10 waves per second,—see Table II. I have already: 
given my reasons for regarding the average of 12 waves per second 


(Table 11.) forthe unweighted thumb muscles as being too high, no pre- 


cautions having been taken to eliminate the influence of the simul- 


taneous contractions of antagonistic muscles when the myograms (those 
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obtained by Messrs Canney and Tunstall) which gave this vend were 
produced. 

There is also an interesting fact seen when the whole arm trembles. . 
This occurs when the Biceps muscle is contracted voluntarily against a 
powerful force for any length of time. When the Biceps became too 
fatigued to sustain by itself the weight held in the outstretched hand, 
the muscles connecting the arm with the trunk came to its aid, and 
arm, forearm and weighted hand were slightly raised from the support 
on which the arm had hitherto rested and the slight trembling of the 
whole arm was distinctly felt... It was noticed that the character of the 
myogram now changed. The waves which were before regular and of 
small amplitude now exhibited considerable depth, but still remained 
regular as regards shape. The number of waves per second obtained in 
myograms from trembling of the whole arm was about 14}, and this 
number was very constant. The change in the character of the myo- 
gram when the contraction of the Biceps passed into a trembling of the 
whole arm is well shown in Figs. 6 and 7. This fact may also 
serve to explain the true nature of some of the large waves which 
occasionally present themselves in a myogram which upon the whole 
presents a series of small waves. Professor Schafer‘, who calls attention 
to these larger waves, is inclined to regard some of them as summation 


‘waves. In my own tracings some of the larger waves undoubtedly 


present the character of summation waves; but I am inclined to regard 
at least some of them as being due to the vibration of the whole limb 
or to some sudden increase or decrease of the force opposing contraction, 
whether due to change in the resistance offered by antagonistic muscles 
or to a change in the external force. I found where precautions were 
taken to steady the limb and to eliminate the influence of the simul- 
taneous contraction of antagonistic muscles as far as possible that the 
number of these larger waves became fewer. 

It was found that when several tracings were taken in rapid succes- 
sion a sensation of fatigue was experienced in the muscle sooner or 
later. And the myograms taken after the time that this sensation of 
fatigue was first experienced were found to present a less number of 
waves per second than the myograms which had been previously taken 
from ‘the same muscle contracting voluntarily against the same force. 
The sense of fatigue made itself evident sooner with a great weight 


_ than with a small weight. With the heavier weights the sensation of 
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fatigue passed into a sensation of pain, which often became intense 
when the muscle had been made to contract for some time. 

Several attempts were made to procure a series of tracings from . 
different persons ; but in no case was I very successful, owing to the fact 
that the necessary time could not be spared by these individuals. In 
Table IIT. will be found the results of myograms taken from two of my - 
friends compared with the results obtained from my own muscles. So 

| far as they go I believe they agree with my own: but it ought to be- 

added that the myograms for the different weights were taken under - 

; very different conditions, and that the averages are in most cases taken 
from only two or three seconds. 


TaBLE IIL 


of number of Waves per second found on 
taken from the Thumb and Biceps muscles of Messrs 8, and F. with 
results already presented in Tables I. and IL 


Weight in grammes 0 | 1000 | 2000 | 2000 4000 | 5000 e000 | 
Results given ( Thumb {"rations per| | | 14} | 14h | 15 | | 
and IT. Biceps 14 15h | 16 | 17 | 17 | 18 | 
| Thumb | 9 | 10 | 10°} | 10} 10 94 
Biceps 1} | 124 


Il. Effect of Weight on the number of Waves in a Myogram of @ volun- 
me. tarily contracting Muscle. 


‘In the myograms already considered no attempt was made to 
separate the effect of weight from that of continued action, long tracings 
were taken, and often several of these im rapid succession. In order to 
eliminate the effect of action ag far as possible I took a number of short. 
tracings, allowing about half-an-hour to intervene between each siti 
The results are shown in Table FV. 7 

PH. IX. 
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IV. 


Analysis of a series of short Myograms taken from the Muscles of 
the Ball of the Thumb voluntarily contracting. 


0 13. 102 
1000 3 17 124 
2000 4 6 13 

8000 4 17 | 14 
4000 41 143, 
5000 6 14} 


The gradual increase in the number of waves per second as the 


weight increases is well marked in this series. No tracings were taken 


with a higher weight than 5000 grammes. It will be noticed that the 
average number of waves per second for the respective weights are lower 
than those for the same weights in Table II. This is just what we 


should expect, if as I believe the results of the next series of tracings—- 
Table V.—show, that increased action as well as increased weight upto 


a certain maximum point causes an increase in the number of waves. 
The myograms whose results are given in Table IT. represent the com- 
bined effect of weight and action, while the myograms whose results are 


_ given in Table IV. represent the effect of weight only, the effect of 


action being eliminated as far as possible, so in this latter case we get a 
_ number of waves per second for a given weight. 


iit. Effect of Action on the saiihee of Waves in a Myogram of a 
voluntarily contracting Muscle. 


‘With the object of ascertaining to what extent the variation in the 


number of waves was due to action and fatigue a series of tracings were 


taken, in which series, instead of a number of short tracings for each 
ot there is one long tracing extending over 24 minutes. 
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TABLE V. 


Presenting Analysis of a series of long Myograms taken frim the 
Muscles of the Ball of the Thumb voluntarily contracting, the weight 
remaining constant for each tracing. 


Duration of Average number | Average number | Average number 


ight in f w diof diof di 
each tracing |” shout beginning | towards end of the of the 
| of tracing Ist minute | 2nd minute 
186 

9000 | 164 13°5, 

3000 160 13-5 4 


5000 Me 13 12. 


In these tracings we see that the number of waves varies with the 


time during which the muscle is voluntarily contracted, the weight 


remaining constant during this time. 

With 1000 grammes we find a gradual increase in the number of 
waves per second, from 11 at the beginning of the first minute 
to 13 at the end of the second minute. In this tracing the 
optimum effect of action and weight has not been reached. In 
the myogram for 3000 grammes, whieh it is important to note was 
taken immediately on finishing the myogram for 2000 grammes, we 
find 134 waves per second at the beginning of the first minute; the 
optimum effect is attained by the end of the first minute, then there is 
a gradual diminution in the number of waves per second. In the 
myogram for 5000 grammes, which it will be found on reference to 
Table II. is the optimum weight (ie. the weight accompanied by the 
highest number of waves per second); we find a gradual decrease in the 
number of waves per second, from 144 at the beginning of the first 


- minute to 12 at the end of the second minute. 5000 grammes being 


the “optimum weight ” for the thumb, we are not surprised to find that 
protracted action has the same effect as an increase in weight would 
have,. 

- We conclude then that the variation in the number of the waves 
seen in the myogram of a voluntarily contracting muscle is partly 
dependant on the weight and partly on the time during which the 
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muscle is kept in a state of contraction, and that with an increase in 
weight as well as with an increase in the time during which the muscle 
voluntarily contracts we get an imcrease in the number of waves eo 
second up to a certain point, and then a decrease. 


‘Summary. 


1. The waves seen in a myogram taken from a voluntarily con- 
tracting muscle are graphic i. amsacrsmtcrad of contraction, and not of 


vibration waves. For 


a. With a given weight there i is & greater number of waves in a 
myogram obtained from a long muscle like the Biceps than in 
short muscles like those of the ball of the thumb. 

8. Ina given muscle though there is an increase of the number of 
waves with an increase of the stretching weight up to a certain 
point, beyond this point any increase in the stretching weight is 
accompanied by a decrease in the number of waves. 

yy. Such increase in the number of waves which is found to obtain 
up to a certain point with increased weight is different from 
that which would be produced in a laterally vibrating elastic 
string by a corresponding increase of tension. 

2. The number of waves per second in a myogram of a voluntarily 

contracting muscle varies in different individuals. 

3. The average number of waves per second in a myogram of the 
Biceps muscle is greater than that of the muscles of the ball of the 
thumb contracting voluntarily in the same individual. The weight in 
the former case being held in the outstretched hand, in the latter case 
suspended from the first phalanx of the thumb. 

4, The number of muscular responses per second in a dalsivaiiy 
contracting muscle hds been found to vary from 8 to 13 when the 
muscle is not made to overcome any force external to the body. This 
range of variation is probably too wide, the higher numbers being due 
to resistance offered by the simultaneous contraction of antagonistic 
muscles, 

5. The average number of muscular responses per second in a 
voluntarily contracting muscle varies with the weight lifted. There is 
a gradual increase in the number of muscular responses per second as the 
weight is increased up to a certain maximum number ; any increase in 


the’stretching weight beyond this point is. accorupanied by a decrease 


in the number of the muscular responses per second. — 


» 
= 
4 
4 
==" rs 
‘2 
= 2 
> 
3 
3 
x 
AS 
4 
we 
i 
qd 
J 
an 
iy 
| 


RHYTHM OF MUSCULAR RESPONSES. 53 


_ 6, The average number of muscular responses per second in a 
voluntarily contracting muscle varies with the time during which the. 
muscle is made to contract. Increased activity producing an increase 
in the number of muscular responses up to 8 certain point, then a 
decrease. The phase of decrease is in most cases accompanied «ai a 
consciousness of fatigue. , 

7. The number of muscular responses per second presented by an 
unweighted muscle, and the same muscle in a state of dead strain 
contracting voluntarily, is fairly constant, and is the lowest number of 
muscular responses obtained from a voluntarily contracting muscle. 
In the muscles of the ball of the thumb the number is 10, in the case’ 
of the Biceps the number is about 14, | 

8. The myogram-waves become more extensive | as the muscle 
becomes | 


DESCRIPTION OF PLATE II, 


In each figure the base line represents the time and presents a notch every 
one or two seconds according as the time was marked every one or ‘two 
seconds. The wavy lines are the myograms of the voluntarily contracting: 
muscle, The vertical lines were drawn after the tracings had been taken in 
order to enable the number of waves corresponding to the time represented 
on the base line to be counted. The tracings all read from right to left. 


Fig. 1. Myogram of Biceps voluntarily contracting against no external 
force. Space of time between the upright lines, one second. Taken from a 
tracing extending over about 10 seconds. 


Fig, 2. Myogram of Biceps contracting sively. 1000 grammes were 
held in the outstretched hand. Space of time between the two —- 
2 seconds. Taken from a tracing extending over 10 seconds. 


Fig. 3.. Myogram of Biceps contracting voluntarily. 2000 grammes 
were held in the outstretched hand. Time between two uprights 2 seconds. 
Token from a tracing extending over 12 seconds, 

_ Fig. 4. Myogram of Biceps contracting voluntarily. 3000 grammes 
were held in the outstretched hand, Time between two uprights 2 seconds. 
Taken from a tracing extending over 10 seconds. 


Fig. 5. Myogram of Biceps contracting voluntarily. 5000 grammes 
were held in the outstretched hand. Time between two ea 1 second. 
Taken from over 8 seconds. 
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Fig. 6. Myogram of Biceps contracting voluntarily. Time between two 
uprights 1 second.» Taken from tracing extending over 9 seconds. 6150 
grammes were held in the outstretched hand... Towards the left of the 
tracing the waves are seen to increase in amplitude, at this moment the 
muscles connecting the arm with the trunk were called into play and the 
whole arm vibrated. This same effect is well seen in the next figure, 


Fig. 7. Taken from same tracing as fig. 6. The muscles connecting the 
arm with the trunk were called into play. The arm was-very slightly raised 
from the block on which it previously rested: but there was still consciousness 
of contact with the block at some points, I was conscious of the vibration of 
- the arm but did not see the vibration during the time this tracing was taken. 
The vibration of the whole arm was seen also when other tracings were taken 
under similar circumstances. 


Fig. 8. Myogram of Biceps contracting voluntarily against a force which 
it could not overcome, ‘Time between the uprights 1 second. Taken from a 
tracing extending over 8 seconds, _ ieee 


Fig. 9. Myogram of muscles of ball of thumb contracting volunterily 
against no external force. Time 2 seconds. Taken from a tracing extending 
over 6 seconds from Mr 8. 


Fig. 10, Myogram of muscles of ball of thymb contracting voluntarily. 
against no external force. Time between the two uprights 2 seconds. Taken 
from tracing extending over 8 seconds. 


Fig. 11. Myogram of muscles of ball of thumb contracting voluntarily. 
3000 grammes were raised by means of a string passing over a pulley and 
attached to.the first phalanx of the thumb. Taken from a tracing extending 
over 8 seconds. Time between the two uprights 1 second. 


Fig. 12. Myogram of muscles of ball of thumb contracting voluntarily. 
Weight 4000 grammes. amd in seconds. Taken from a tracing extending 
over 10 seconds. 


Fig. 13. Myogram of muscles of ball of thumb contracting voluntarily. 
Weight 5000 grammes. Time in seconds. Taken from a tracing extending 
over 9 seconds. 


Fig. 14. Myogram of muscles of ball of thumb contracting voluntarily. 


Weight. 6000 grammes. Time in seconds, Taken from a tracing extending 
over 9 seconds, 
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ON THE PHYSIOLOGY OF THE SALIVARY SECRE- 


TION. By J. N. LANGLEY, MA., ERS,, Fellow and Lecturer 


Part IV. The effect of yer upon the supposed varieties _ 
of sé¢cretory nerve fibres. 


pe ap as many observers have shown, not only affects i in any 0 one 


_ salivary gland the cerebral secretory nerves before it affects the sympa- 
thetic secretory nerves, but also affects to very different degrees the 


& 


secretory nerves of different salivary glands. According to Heiden- 
hain’s hypothesis with regard to salivary glands—the hypothesis which 
at present properly serves as the starting-point for all speculations on 
the subject—there are two kinds of secretory fibres, one proper 
‘secretory ’ causing a flow of fluid, the other ‘ trophic’ causing an increase 
in solubility in the stored-up gland substance. I have pointed out’ 
that on the assumption of the existence of different kinds of secretory 
fibres, there is ground for supposing that there is a third variety— 
anabolic fibres—causing the formation of fresh substance by the cells. 

If there are different kinds of secretory fibres, it is clear that in the 
most important physiological points. they differ from one another more 
than do the same kind of fibre in the cerebral and sympathetic nerves. 
supplying any one gland. Since these are affected by atropin in 
different degrees, it seemed to me probable that the different kinds of 
secretory fibres in any one nerve would also be affected by atropin in 
different degrees. 

The effect of atropin has. been ohedeeee ae on the proper 
‘secretory’ fibres, so that whilst we know within certain limits the 


-amount of atropin which will prevent a nerve, when stimulated, from 


producing a secretion, we do not know whether atropin has or has not 
an effect upon the ‘trophic’ nerve-fibres, or indeed whether it may not. 
affect the secretion of water only and leave all other secretory influences 
unaffected. 


1 This Journal. Yol. v1. p, 89, 1885, 
PH, IX. | 
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J. N. LANGLEY. 


To determine whether or no the ‘trophic’ and ‘anabolic’ fibres are 


paralysed by atropin at the same time as the ‘secretory’ fibres, the 


following experiments were made, 


EXPERIMENT I. 


Feb, 4, 1879, Oat. Chloroform and morphia given. On’ each side 


cannula placed in duct of sub-maxillary gland; sympathetic in neck, and 
chorda tympani, ligatured and cut. Chorda tympani on each side stimulated 


with an interrupted current fairly felt to the tongue (secondary coil at 9 c.m.),: 


causes a ready secretion. 

Then 3 c.c. of a:0-1 p.c. solution of atropin sulphate (i.e. 3 mgrms.) 
injected into the saphena vein. In five minutes, neither chorda tympani 
stiniulated for a minute (secondary coil 9 to 5) causes a trace of secretion. 

Both sympathetic nerves when stimulated (secondary coil at 9 here and 


in the remainder of the experiment) gave a secretion rapid at first, but 


becoming slow in 17 to 20 seconds. 
Both sympathetics were stimulated for 17 seconds (15 beats of a 


_ metronome) in every minute to minute and a half. The first eleven drops of 


saliva on each side were thrown away, the rest of the saliva collected. This 
was 1°25 c.c, on the right side and rather more on the left. The actual time 
of stimulation was 5} minutes. 

Then the sympathetic and chorda tympani of each side were siewitated 
simultaneously, for 17 secs, in every 2 to 3 minutes and usually the chorda 
tympani for 30 to 60 seconds immediately before the beginning of the sympa- 
thetic stimulation. The first drops of saliva obtained were thrown away, 


and 1°25 c.c. collected. The actual time of stimulation whilst the saliva was 


being collected was 43 minutes. 

Finally the sympathetics were stimulated gies as Hie the first 
specimens of saliva were collected, but since the secretion was slow, the 
saliva obtained from the glands on the two sides was mixed together. 
About 1:25 ¢.c. of sympathetic saliva was thus collected. 


The five specimens of saliva were. kindly analysed for me a by the late 
Mr Waters. The analysis was as follows, 


Percentage Percehtage Percen 
tage 
substance, solids. 
(1) Saliva from stimulating left 
} 04827 0996207780 
(2) Saliva from stimulating | 


(3) Saliva from stimulating left | 
_. ¢horda and left sympathetic 0°3394 0°2683 0°6077 
simultaneously. | 
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Peroen 
substance. 


(4) Saliva from stimulating 

right chorda and right sym- 03816 02385 06201 
pathetic simultaneously. 

(5) Mixed saliva from stimu- Lee 
lating right and left | Q-3412 0-2810 0°6222 
pathetic. 


'. It will be seen from the above that after the injection of 3 mgrms. of 
atropin sulphate, the percentage neither of organic substance nor of 
salts in sympathetic saliva is increased by stimulation of the chorda 
tympani. If the ‘trophic’ fibres of the chorda had escaped paralysis, 
there must have been a marked increase in the percentage of organic 
substance such as Heidenhain found in the parotid saliva of the dog, 
on simultaneous stimulation of the sympathetic and of Jacobsons 
nerve. 

Hence atropin paralyses the ‘trophic’ as well as the ‘secretory’ 
fibres of the chorda tympani. 

The experiment does not enable one to say that the paralysis of the 
two kinds of nerve-fibres is absolutely simultaneous, it is conceivable 
that the full amount of 3 mgrms. of atropin were necessayy to paralyse 
the ‘trophic’ fibres, and that 15. to 2 mgrms, would have been 
sufficient to paralyse the ‘secretory’ fibres. But there are reasons 
which seem to me good against such a view; the effect of atropin 
gradually wears off, the atropin is presumably steadily eliminated from 
the moment of injection. The saliva obtained by simultaneous stimu- 
lation of the chorda and sympathetic nerves in the experiment was 
obtained 1 to 12 hours after the atropin had been injected, that is to say 
at a time when an appreciable portion of the atropin must have been 
eliminated. The amount of atropin present could then have been very. 
little in excess of the minimal amount necessary to paralyse the 
‘secretory’ fibres, and this amount was sufficient to completely paralyse 
the ‘trophic’ fibres. The excess is so small that it seems to me very 
unlikely that there should be some smaller excess which should not 
paralyse the ‘ trophic’ fibres, though paralysing the ‘secretory.’ 

Happily there is another way of testing the matter. If 1 mgrm. of 
atropin be injected and then successive doses of 0'l mgrm. a stage of 
poisoning is obtained when stimulation of the chorda produces a just 
perceptible secretion of saliva, the rate being so slow that it would take 
many hours to obtain a single cubic centimetre of saliva. In this stage 

5—2 


: 
» 
< 
oe 
a> 
all i 
» 
Rope 
a 
es 
- 
. 
Ag 
aa 
A 
| 
we 
» 
Vee 
> 
> 
~ 
= 
( 
= 
q 
as 
4 
4 
a 


JN. LANGLEY. 


.. the ‘secretory’ fibres are in a state of nearly complete paralysis; if the 
‘trophic’ fibres are less paralysed, the saliva obtained by stimulation of 
the chorda must be more viscid than the saliva obtained before atropin 
was given. In fact it is not more viscid, it is as a rule distinctly | 
less so. Similarly when secretory paralysis has been produced by 
atropin and time is given for the effect to wear off, the first saliva 
obtained by stimulation of the chorda is less viscid than that obtained 
before atropin was given. | 

Hence then in the chorda tympani of the cat the paralysis by’ 
atropin of the ‘secretory * and of the ‘ Gio oe 8 fibres: takes place 
simultaneously. 

in the course of some experiments (not vet published) by Mr 
Fletcher and myself upon the secretion of salts in saliva, a somewhat 
similar experiment to that made above on the cat was made on the dog. 
With Mr Fletcher’s consent I give this here, confining myself to 
discussing those points in it which bear upon the subject of the present 
Paper: 

EXPERIMENT IL. 


Jan. 13, 1888. Dog. Weight 22 kilos, Preliminary preparation as in 
Exp. I. About 6 cc. saliva obtained on each side by stimulating chorda. 
Collect a little chorda saliva on each side. On the left side, the chorda 
stimulated for 45 secs. gives 3'1 ¢.c. of saliva (L,). On the right side 
stimulation of the chorda for 60 secs. gives 4°2 c.c. of saliva (R,). Inject 
3 cc. of ‘5 p.c. atropin sulphate, ie. 15 mgms, into a small branch of the 
jugular vein. In the following, two induction coils etc, were used, one for 
stimulating the sympathetics, the other for stimulating the chords tympani. 
For the most part, the nerves were stimulated in successive 30 secs. in the 
following order; left chorda, left sympathetic, right sympathetic; but after 
sufficient saliva had been collected from the left side, the right i cere 
was as a rule stimulated more frequently or for a ees time. 7 


2.58. Begin stimulating. 


3.5. On left side 10 drops have been secreted, these thrown away, begin 
collecting saliva (L,). 


4.0. On right side 15 drops have been secreted, these thrown away, _ 
collecting saliva (R.). 


4.35. End collecting (L,); 2°2 cc. in 1 hour 30 mins., time of actual 
es stimulation about half-an-hour; the last two stimulations of the 
chorda cause a slight sienesbien This saliva remained in the 
and was not. added to (L,). 
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5.37. End collecting (R,); rather less than 1:6 co. in 1 hour 37 min., 
time of actual stimulation about 70 minutes; saliva made up to 
1:9 cc. by adding contents of cannula. 


6.0. Inject 5 ¢.c. of *b p.c. pilocarpin nitrate into toi, on the left side 
there is a very slow secretion, on the right side it is slower ‘still, 


| being barely perceptible. 
Rate! secr.  Percentas | 
Saliva obtained by ‘per minute 
in ¢.¢, substance, 
L, Stimulating left chorda 


before atropin. T1844 07424 


L, Stimulating left. chorda 
and sympathetic after 0073 16765 0°6190 
15 mgrm. atropin. 

Stimulating right chorda 
before atropin. 


R, Stimulating right sympa- 


0-7000 0°7659 


thetic after 15 mgrm, 0-023 24266  0°7054 
atropin. 

In this experiment, after atropin has been given, the left chorda is 
stimulated for 30 secs. and immediately afterwards the left sympathetic 
is stimulated for 30 secs., then there is 30 secs. rest and so on, The 
time taken to collect the pale t (L,) is 14 hours, so that altogether the 
chorda and the sympathetic are each stimulated for 30 minutes. 

According to the current theory the amount of the organic substance . 
in the secretion is the measure of the activity of the ‘trophic’ nerve- 
fibres in any one condition of the gland. Here stimulation of the 
left chorda, before atropin was given, caused 3°1 ¢.c. of saliva containing 
1:18 p.c. of organic substance to be secreted; at the same rate it would 
cause in one minute a secretion of 0°049 grms. of organic substance. If 
then after atropin the ‘trophic’ nerves remained unaffected, stimulation 
of the chorda for one minute should leave in the gland cells about 

0049 grms. of organic substances in a soluble state, ready to be carried 

out when stimulation of the sympathetic caused a flow of fluid through 
the cells, But after atropin has been given interruptéd stimulation of 
the chorda for 30 minutes and of the sympathetic for 30 minutes causes 
a secretion of 2°2 c.c. of saliva containing 1°68 p.c. of organic substance, 


1 In calenlating the rate of secretion, the total time of stimulation is here taken; 
since, after atropin had been given, stimulation of the sympathetic not infrequently 
caused no perceptible fiow of saliva, the rate ven is not accurate. 
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i.e. causes 0°037 grms. only of organic substance to be secreted, not 3 of 
that secreted in one minute when the chorda only was stimulated before 
atropin was given. Evidently atropin had paralysed the * trophic’ fibres 
of the chorda. 

Whilst the saliva collected in (L,) was being secreted sisalition of 


_ the chorda caused no secretion, but almost immediately afterwards 
stimulation of the chorda caused a slight secretion, so that during the - 


period of secretion of the saliva (L,) the ‘secretory’ fibres of the chorda 
were only just-paralysed. From this and from what has been said 
earlier I conclude that in the dog as in the cat the ‘trophic’ and 
‘secretory’ fibres of the chorda are paralysed simultaneously. 

It remains to consider, whether atropin paralyses the ‘anabolic’ fibres 
also. To test this I have at various times stimulated the chorda for two 
or more hours after atropin had been given, and have never seen any 
indication in sections of the hardened glands that fresh substance had 
been formed in the cells in consequence of the stimulation. One of 
these experiments—the latest—I give in detail. 


EXPERIMENT III. 


March 17, 1888. Dog. Weight 20} kilos, Morphia given; trachea 
connected with a Wolff’s bottle containing chloroform and ether. On left 
side chordo-lingual nerve ligatured and cut, chorda isolated for short distance. 
Stimulate chorda, secondary coil at 8, shocks easily bearable on tip of tongue ; 
rapid secretion. 

12.30. Inject 8°5 mgms. of atropin sulphate in 4 ¢.c, fluid into a branch of 
jugular vein. 

12.35. Stimulate chorda—slow secretion. 

12.37. Inject 3 mgms. atropin in 3 c.c. fluid into the vein. 


12.40. Begin stimulating chorda every other minute, this continued until 
end of the experiment, 


1.30. There has been: a slow rise of saliva in the cannula, the rise takes 
| place during heavy breathing or other movements of the animal 
and is obviously caused by pressure on the gland. 


1.34. There is apparently a slight secretion of saliva on stimulating the 
chorda, inject into vein 2 mgms, atropin in 2 c.c. fluid. 


1,55. Inject 23ingms, atropin in 24.0. fluid. 


2.55. Cannula full of saliva = c.c.—empty it. 
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3.5. Inject 2 mgms. atropin in 2 ¢.c, fluid: put secondary coil at 7-5; 
shocks are then rather strong to tongue. 

4.40. Cannula ¢ full of saliva=°2 oc. End of stimulation of chorda. 
Cut left vago-sympathetic and stimulate, about .14 drops saliva 


secreted ; in 2 minutes repeat stimulation, secretion very slight. 
‘Bleed from carotid, blood dark, 


Both sub-maxillary glands were softer than usual, possibly because the 
_ dog was very old; the left gland appeared to be a little swollen though 
there was no edema. A piece of each gland mounted in NaCl 5 p.c, showed 
numerous granules throughout or nearly throughout the cells, there was no 
appreciable difference between the two specimens. ~ ; 

Portions of the gland on each side were hardened in 1 p.c. osmic acid, in 
Flemming’s fluid, and in absolute alcohol ; and sections cut. No difference 
could be made out between the two glands, both were in the usual ‘resting’ 

state. 


Here the chorda tympani was stimulated for four hours during 
atropin poisoning, without producing any indication of a formation of 
fresh substance in the cells. - But for the atropin, the stimulation would 
have caused the formation of a distinct outer proteid zone in the cells. 
Nor was there any change in the nuclei of the mucous cells, in the 
sections they were shrunken and situated close to the outer cell-border. 
In a gland that has been actively secreting the nuclei are, as is well 
known, spherical, I do not Jay any stress on- this as regards the 
question of ‘anabolic’ fibres, since it is quite possible that the change 
in the nucleus taking place when the cell secretes is not due to a fresh 
formation of substance in it, but to the excretion of mucous substance, 
whereby less pressure is exercised on the nucleus and it in consequence 
remains in its natural form. 

But the absence of an outer zone and of any increase in the strands 
of the network of the cell show that the ‘anabolic’ fibres of the chorda 
were paralysed by the atropin; and since apparently the ‘secretory 
fibres were not completely paralysed during a part at any rate of the 


experiment, I conclude that atropin paralyses the ‘anabolic’ fibres of 


the chorda at the same time that it paralyses the ‘secretory’ fibres; 
and we have seen that these are paralysed at the same time as the 
trophic. 

Hence the various changes caused in ie gland cells by 
nerve stimulation are ali affected by atropin, and to ap- 
proximately equal extents. When paralysis of the chorda 
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, occurs it is a paralysis of the whole of its function with 


regard to the gland cells. In other words the phenomena 
of atropin poisoning give no indication of the existence of 
more than one kind of secretory nerve fibre in the _— | 
tympani. 
The interesting results obtained by Bayliss in Bradford’ with 
regard to the electrical phenomena of the sub-maxillary gland may 
perhaps be taken as irreconcilable with the conclusions arrived at in 
this Paper. The Authors, it is true, do not state that the electrical 
phenomena show that ‘secretory’ are paralysed before ‘trophic’ fibres 
by atropin, but their results seem to be so readily explained on this 
view, that I think it incumbent in me to point out that another expla- 


- nation is open. This I shall do briefly; discussion is in the present 


stage unnecessary. 

Bayliss and Bradford have shown that when the chorda or the _ 
sympathetic nerve is stimulated in the cat, an electric current is set up 
in the submaxillary gland; and this shortly changes direction; so that at. 


- first the hilus of the gland is positive to its outer surface, and later the 


outer surface is positive to the hilus. The former state they call the first 


phase, the latter the second phase. In the dog, stimulation of the 

- chorda usually causes a first phase only, and stimulation of the sympa- 
thetic, a second phase only. A copious secretion is accompanied by a 

- first phase, a slow secretion is as a rule, especially if the secretion be 


viscid, accompanied by a second phase. From this and from other facts — 
Bradford’ concludes that probably the first phase is caused either by 
the flow of fluid or by the change in the gland cells preceding the 
flow, and that the second phase is due to katabolic changes in the 
gland cells leading to the elaboration of the organic constituents of the ~ 
saliva. The former is the effect attributed to ‘secretory’ fibres, the 
latter is the effect, or very nearly the effect, attributed to ‘trophic’ 
fibres. Since Bayliss and Bradford find also that a larger amount of 
atropin is required to abolish the second phase than is required to 
abolish the first phase, and that the abolition of the first phase coincides 
with the paralysis of the ‘secretory’ activity of the nerve, it is obvious 
that there is a prima facie case for concluding that atropin paralyses 
the ‘secretory’ fibres before it paralyses the ‘ trophic’ fibres, 

The explanation of the facts which I am inclined to adopt is as follows , 


1 Proc. Roy. Soc. Vol. Ba, 1v. 
p. 109, 1887. 
2 This Journal, Vol, vi. p. 86. 
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Both ‘ phases’ before atropin is given are “clearly the algebraic sum of 
two opposing currents; after atropin is given the same is the case, there 
are still two opposing currents, and when one is abolished the other is - 
abolished also and not till then. One current—the more powerful in 
the first phase—is due to the passage of fluid through the gland and is 
physical in origin ; the other—the more powerful in the second phase— 
is due to chemical changes in the gland cells. When a nerve to a gland 
is stimulated it causes indirectly a development of the one current, and 
directly a,development of the other. With increasing cell activity the 
current developed indirectly increases much more rapidly than the 
current developed directly. With very slight cell activity, or with the 
flow of fluid diminished by diminished blood supply, the current 
indirectly produced is less than bag current sey produced, giving - 


the second phase. 


This view carries in its train the assumption that as long as any 
electrical change takes place on nerve stimulation, the stimulation is 
capable of causing a secretion of fluid. In Bayliss and Bradford's 
experiments there was no obvious secretion after atropin had been given 

in sufficient quantity to abolish the first mcs without abolishing the 
phase. 

The amount they find necessary in the dog is 5 to 10 mgrs. injected 


into the pleural cavity. Some time ago I’ pointed out that in the dog 


whilst about 5 to 7 milligrams of atropin injected into a vein cause the 
secretion of saliva following stimulation of the chorda to be reduced 
almost to a minimum, nevertheless the dose must be increased up to 
10—16 mgrs. to abolish completely this remaining flow, Many 
experiments since have convinced me that it is by no means easy to be 
certain when the chorda is completely paralysed: It is common to find 
that stimulation of the chorda two or three times in succession after 
atropin has been given, will produce no secretion, yet a slight secretion 
occurs on the immediately following stimulation, and generally there 
is a stage in which a single stimulation of the chorda does not cause 
any obvious secretion, but stimuiation of the chorda at intervals for 
a quarter of an hour does cause a slight secretion. Thus in Experiment 
III. given above, 114 mgrs. of atropin were given and at intervals 


additional doses of atropin up to 174 mgrs., the chorda was stimulated 


every other minute for 4 hours; it was occasionally only that any 


_ secretion could be seen to follow the stimulation, yet any pressure on 


1 Journal of Anat, and Physiol. Vol. x1. p. 178, 1876, 
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the gland, as that caused by a movement of the animal, caused a 
permanent rise of saliva in the cannula, and thus during the four hours 
05 cc. of saliva was obtained. Further it seems to me likely that 
when a very small quantity of saliva is secreted, the secretory pressure 
is small, and that consequently, unless especial care be taken, the 
pressure of the surrounding tissues on the duct is sufficient to prevent 
the fluid passing to the cannula. Hence I do not think that the 
absence of secretion on chorda stimulation after 5—10 mgms. of atropin 
had been given in Bayliss and Bradford’s experiments shows s all 
conclusively that there was no passage of fluid through the cells. 

On the whole then it seems to me that the electrical phenomena, as 
they are at present known, are not incompatible with the view of the 
action of atropin given in this paper. 

Finally it may be noticed that in the description of my experiments 
I have spoken of the chorda tympani as being paralysed. This I have 
done because several successive stimulations of the chorda produced, 
except in Exp. III., no obvious secretion. But later I have said that 
unless special precautions are taken a minimal secretion may escape 
notice. As I did not take special precaution, I grant that it is possible 
that there may have been a minimal secretion in stimulation of the 


chorda. I have not however repeated the experiments, because for my | 


purpose it is immaterial whether there was or was not such a minimal 
effect. If there were different kinds of nerve-fibres in the chorda, 
‘secretory ’, ‘trophic’, etc. and if atropin affected these unequally, the 
unequal action would be clearly evident in the experiments, whether the 


chorda was capable of producing @ minimal secretion, or was — 


of producing any. 


March 2, - 
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THE PHYSIOLOGICAL ACTION OF BORNEOL. A CON- 
TRIBUTION TO THE PHARMACOLOGY OF THE 
CAMPHOR GROUP. Br RALPH STOCKMAN, MD., 
Assistant to the Professor of Materia Medica, Edinburgh Vasarely, 
Research Scholar of Brit. Med. Assoc. 


_ (From the Pharmacological Laboratory of the University of Edinburgh.) 


_In the following research the pharmacological action of three 
different substances has been fully investigated, namely, Borneo 
Camphor, Ngai Camphor, and Borneol prepared artificially from oil 
of turpentine. In addition, a number of experiments ‘has been made 
with ordinary or laurel camphor, and with menthol or peppermint 
camphor. 

The first three bodies are known to chemists under the common 
name of borneol, but although they are identical in chemical composi- 
tion and reactions, they differ considerably in outward appearance and 
in certain physical properties. It will be of interest therefore to give a 
short account of each. 

Borneo (Sumatra, Malay, Baros) camphor is obtained in small — 
quantity from the trunk of the Dryobalanops Camphora (Colebrooke),. 


a large forest tree growing in Sumatra and Borneo. After the tree has 


been felled the camphor is picked out by hand. The finest quality is 
in large, flat, white crystals, and the inferior qualities in granules. It 
melts at 198°C, and boils at 212°C., subliming unchanged, 

It is slightly heavier than water, therein differing from laurel 
camphor, and its alcoholic solution rotates the plane of polarized light 
to the right. It has the formula C,, H,, O,and is to be regarded as a mona- 
tomic alcohol of which common camphor (C,,H,,O) is the aldehyde. By 
appropriate means laurel camphor may be converted into borneol, or vice 
versa. 

According to Fliickiger it was known in China before laurel 
camphor, and was the variety originally introduced into Europe. Since 
the: discovery of the other, however, very little Borneo camphor has 


been sent to the West owing to the high price which it commands in 
_ the Chinese market—about 100 shillings per * or more for the best 


quality, 
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In Borneo it is used chiefly for embalming the Batta chiefs. In 
China it is employed as a stimulant, as an aphrodisiac, and in ophthal- 
wia,.a single crystal being put under each eyelid’. 

Ngai camphor, obtained from the Blumea balsamifera D.C., is met 
with crystalline and in granules. It has the same chemical composition 
as Borneo camphor, and is also slightly heavier than water, but its 


alcoholic solution rotates the plane of polarised light to the left. In 
: price it is intermediate between Borneo and laurel camphors. It is used 


in China as a medicine and for perfuming the finer sorts of Chinese ink. 
The specimen which I used was obtained from the Hanbury collection 
in Kew Museum’. 


Borneol from oil of turpentine was first obtained by Armstrong and 


- Tilden from “ colophene,” a product of the distillation of the oil with 


sulphuric acid, Chemica]ly it is identical with Borneo camphor, but 
its alcoholic solution has no action on polarised light. : 

The specimen which I used was in laminar crystals, pure white, and 
having a mixed odour of camphor and terebene. It sunk in water, and 
its alcoholic solution was inert as regards polarised light. It melted at 
199° and boiled at 211°, which numbers, allowing for slight experimental 
errors, are the same as those obtained by Pelouze for Borneo camphor’. 

The investigation was originally undertaken with the view of deter- 
mining whether the exaggerated value set upon Borneo camphor by the 
Chinese is to be accounted for by any marked difference in action as 


compared with lanrel camphor, or whether its high price is simply due 


1 For an account of the natural history of Borneo camphor see 

Martius. Liebig’s Annalen, xxv, 305, xxvii. 44, 1838. 

~Pelouze. Comptes Rend, x1. 365, 1840. 

De Vriese. Pharm. Journ. and Trans., xm. [1] 22, 1852. 

Hooker. Ibid. p. 300, 

Von Kessel. Sitzungsb. der Wien, Akad., vim. 418, 1852, 

Flickiger. Neues Rep. f. Pharm., xv. 28, 1868, 

Kachler. Liebig’s Annalen, 197, 86, 1879. 
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to a superstitious belief in supposed virtues, and to its comparative 
scarcity. While carrying on the research I obtained specimens of Ngai 


camphor, and artificial borneol, and found that all three produced 


similar symptoms when administered to animals. 
The physiological action of Borneo and Ngai camphors has not been 
previously investigated, but Pellacani’ has published an account of 


some experiments made with artificial borneol, prepared from laurel 


camphor by R. Schiff. - 

The experiments made by him were few, in number and give an 
erroneous idea of its general action, especially on mammalia. Moreover, 
Pellacani’s account of its action on the heart differs greatly from 
the results which I have obtained with all three substances. These 
errors are attributable to the small number of experiments, to his having 
studied its action on satis, and to the use of much too large doses. 


General Action. 


Frogs. In frogs the general symptoms are very similar to those 
which are produced by laurel camphor. The drug may be given dis- 


solved in almond oil or water, or as a fine vapour from camphor 
_ sublimed on the inner surface of a glass bell-jar. If a frog be placed 


under such a bell-jar there ensues a series of symptoms indicatil 
paralysis of the nervous system. Their onset is much more gradual, 
however, than is the case with laurel camphor under similar cir- 
cumstances, owing probably to borneol being much less volatile. In 
about 10—30 minutes the animat becomes decidedly lethargic and 
sleepy looking without any stage of previous stimulation, It is 
disinclined to make spontaneous movements but jumps quite well if 
irritated. In a short time its jumps become heavier, and its movements 
lack precision, the animal frequently falling to one side when attempting 
to leap. The pupils are smaller and the respiration slower and deeper. 

After a varying period respiration ceases, it lies quite flaccid and 
does ‘not return to its normal position when placed on its back. 

During this time the spinal reflexes are quite good or may be even 
slightly exaggerated, but they also become extinguished after a time, 
and the frog no longer gives any response even to severe stimuli. No 
muscular twitchings were ever observed. 

The motor nerves still remain excitable to feeble electric currents, 


after exposure to the camphor vapour has. gone on for some time 


_ Archiv f. expt. Path, xvit. 369 1883. 
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longer their terminations become paralysed, the muscles retaining their 
excitability to direct stimulation. 

As a rule the heart continues beating for a considerable period after 
this, but it finally stops in diastole, and the animal dies. 

When a small dose (0:003—0°01 grm.) is given subcutaneously 
dissolved in almond oil, the same train of symptoms is observed mut not 
so fully developed. 

The frog in a few minutes becomes unsteady in its movements, and 
then ceases to move sponfaneously at all. The reflexes are maintained 
sometimes very slightly, sometimes considerably, diminished ; respira- 


tion may be much slowed or may cease entirely; and the animal will - 


probably remain on its back if placed there. The motor nerves are quite 
unaffected, or apparently so, and recovery takes place in a few hours. 

With 0:022—0-032 grm. death generally ensues, but only after an 
interval of about 24—50 hours. The frog in a very short while after 
administration ceases to respond to stimuli and lies as if dead, but the 
heart eoutinues to beat. 


The condition of the motor nerves depends entirely on the heart. 


If it continues beating, they lose their excitability generally towards the 
end of the first day, whereas if the heart stops earlier, as it sometimes. 
does, they still remain excitable to strong currents after death. Death 
is due to paralysis of the cardiac muscle. : 

The following experiments will serve to illustrate the foregoing 
description. | 


Frog, 82 grms. Resp. 31 in 15 secs, 

11.47. Placed under bell-jar on sides of which Borneo camphor had been. 
sublimed. 

11,50. R. 30. Rather restless. 

11.54. BR. 28. Quiet. Pupils slightly smaller, 

11.56. R. 25. Pupils smalier still. Lethargic, but jumps is yal if 
irritated, 

12.0. 21. Pupils smaller. Very drowsy looking. 


12.5.  R, has ceased. When much irritated jumps heavily a short 


distance. Feels pinching at once. 


12.20, Responds very slightly to severe pinching of toes, and not at all 


to gentler stimuli, 


12.45, Sciatic nerve exposed, and found quite excitable to a weak . 


interrupted current, 
4.30. Has remained in same condition, 
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9nd day. Frog quite insensible to pinching. Motor nerves are in- 
excitable to strongest current. 

Muscles are all excitable. Heart still beating feebly. 

In this experiment the symptoms developed more quickly than usual. 
In some of the others the poisoning was much more gradual, the difference 
being, without doubt, due to difference in the rate of wince meas of . the 
camphor. 

‘Frog, 34 grms. Resp. 33 in 15 secs. 
11.52. 4 grain (00162 grm.) Ngai camphor subcut. in 6 M almond oil. 


12.4. R. 30. Slightly more sluggish. | 
12.8. BR. 30. Does not jump so well, Movements are decidedly 


sluggish, 
12.12. BR. 18, very deep, the abdomen and eyeballs. moving with each 


12.28. R. 20. Cannot jump well, but still crawls about a little. 
12.36. Frog occasionally makes voluntary movements. R. 14. Pupils 
; very small, Head resting on table. 
12.44. KR. ceases sometimes. Lies on its back if placed there. Reflex 
is still quite active. 


12.54. Lying quite flaccid. Responds to pinching with forceps. Resp. 


2.30. Reflex faint even to severe pinching. 
5.10. Only sign of life is faint twitch when pinched with forceps. 


2nd day. Remained in same condition. Motor nerves excitable. 


3rd day. Has considerably recovered. Resp. 10 in 15 secs. Lying 
with head slightly raised from the table. Feels pinching at once and 
attempts to crawl away. | 
Gradually recovered, and on 6th day was nearly in its normal condition. 
In some cases the frog died after getting } grain. 


Frog, 42 grms. Resp. 37 in 15 sees. 
11.45. 4 grain (0°32 grm.) Borneo camphor in 12 M almond oil subcut, 
11.49, Movements unsteady. There has been no excitement. 
11.58, R. 28. Very unsteady in its movements, and rather restless. 
12.2. RK. 23. Pupils smaller. 
1.0, Still respiring. Very sluggish and belly resting on table, 


1.45. ceased. 
_. 2.0, Lies in any position in which it is placed, Pinching toe causes 
marked reflex, 


3.45. Reflex only to severe pinching, Motor nerves are still excitable . 
to weak interrupted current. | 


respiration, Pupils are smaller. 
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Qnd day. Quite insensible to stimuli. Heart beats 10 per minate. 
Sciatic nerves are excitable to comparatively weak currents. 
3rd day. Heart stopped in diastole and does not contract on stimulation: 


veins very full of venous blood. Sciatic nerves are paralysed; Muscles are 
still quite excitable. 


Doses of 20—30 M of a saturated solution of borneol in water 


produce the lighter degrees of poisoning—heaviness, 


loss of coordinating power, &c. 

Mammalia. Observations were made on rabbits, guinea-pigs, cats 
and dogs. It is on cats that the symptoms produced by borneol may be 
observed in their most typical and aggravated form. As has been 
shown by Hoffmann’ and others, laurel camphor causes in cats violent 
convulsions which resemble in every respect those of epilepsy. With a 
moderately large dose, the convulsions succeed each other rapidly with 


short intervals of rest, they are extremely violent, and death generally 


occurs during one of them, shortly after the administration of the 
camphor. Wiedemann’ ascribes the cause of death to paralysis of the 
over-stimulated nerve centres, but points out that owing to the very 
great violence of the convulsions, it is difficult to determine how far the 
respiratory centre is involved. With borneol the symptoms in cats are 
somewhat similar but the convulsions are never so severe as to directly 
cause death, having throughout more of a clonic than a tonic character. 


In addition death never occurs suddenly, but is a slow process, the — 


animal surviving in a state of complete toseaatlllley for two or three 
days. It is comparatively easy therefore to fix the proximate cause or 
causes of death. 

Thus, after administration of 2—3 grms. by the stomach in sdallon: 
a cat shows in about a quarter of an hour symptoms closely resembling 
those of alcoholic intoxication. It wanders restlessly to and fro, its gait 
becomes unsteady, and in walking it seeks to support itself by leaning 
against the wall. Its power of coordination becomes much impaired, 
especially in the hind legs, and even when sitting still it sways gently 
from side to side. This condition rapidly becomes worse until progres- 
sion is simply a series of stumbles, the animal finally lying down on its 
side unable to rise. The cutaneous vessels are dilated, and respiration 
is slowed, but the heart maintains its ati rate or may be slightly 


1 Beitriige wur Kenntniss der phys. Wirk. der Carbolsiure und des Kampfers, 
Inaug. Diss., Dorpat, 1866, 


* Archiv f. expt. Path, y1. 216, 1877. 
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increased. The animal although stupid and intoxicated retains con- 
sciousness, while the spinal reflexes are either not appreciably affected 
or very slightly diminished. 

There then begins slight trembling, most marked in the head and 
neck muscles, which soon developes into violent clonic convulsions 
involving all the muscles in the body. Every now and again, but by no 
means frequently, the clonic developes into a tonic spasm with opistho- 
tonos. After it has once begun the trembling is continuous, while 
sometimes in addition the animal moves its legs backwards and forwards 


in a thythmical manner. During this stage the pupils are always widely _ 
dilated, and remain so till death. Chloroform completely stops the 


convulsions. 

Consciousness gradually becomes abolished, and the animal lies on 
its side trembling continuously and having at intervals true ee 
convulsions. 

Sensation also becomes impaired, until even stimulation of the 
exposed sciatic nerve causes no reflex movement. The ability of the 
spinal cord to conduct motor impulses is, however, quite well maintained, 
as evidenced by the violent convulsive movements. The animal may 


remain in this condition for about 48 hours, the heart continuing to 


beat regularly and-with considerable force, although somewhat slowed, 
or it may die earlier... 

The temperature falls very much towards the cud, the surface ofthe 
body feels cold,and death ensues from paralysis of respiration, largely 
aided, no doubt, by loss of bodily heat and exhaustion. The post-mortem 
appearances are those of death by asphyxia, but in addition the tongue 
was in some cases very much bitten during the convulsions. 


With smaller doses (1—1}4 grm.) the symptoms are precisely similar 


to those produced by a moderate dose of alcohol. Frequently twitchings 
of groups of muscles or of the limbs are present, very similar to what is 
observed in delirium tremens, With very large doses (4 grms.) death 
occurs sooner, while paralysis and stupor are more pronounced features 
of the poisoning than the convulsions. 

When menthol (2—3 grms.) is given to cats the symptoms resemble 
those produced by a full dose of alcohol—restlessness, incoordination 
and quickening of pulse, passing into stupor. The animal may remain 
completely unconscious for two oz three days, finally recovering, or may 
die. Absorption from the stomach is evidently irregular, as the animal 
often remains under the influence of a single dose of menthol for several 
days, the degree of intoxication sometimes varying a good deal cst 

PH, IX. 6 
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this period. In contradistinction to borneol the increase in pulse rate 
was always considerable (12—22 per min.) during the first few hours, 
and was followed by a very distinct decrease. 

After menthol I never observed well-developed convulsions, the only 


indication of them being a slight trembling of the limbs, and even this . 


was not always present. 
In rabbits the action is not nearly so definite nor are the symptoms 


ever so pronounced as with cats, this being the case both with laurel 


camphor, and to a greater degree with borneol. It depends partly no 
doubt on irregularities in the rate of absorption, and partly on a lesser 
susceptibility of these animals to the poison, Small doses of borneol 
are without any apparent effects, while with doses of 2—6 grms. the 
animal may become simply depressed and inactive, may have epileptic 
seizures with a train of symptoms resembling those described in cats, or 
may be rapidly and completely paralysed, as in the two experiments 
described by Pellacani. The last condition is seen only when very 
large doses become rapidly absorbed. With laurel camphor convulsions 


are rarely absent in rabbits, but the attacks are milder and less frequent — 


than in cats, Guinea-pigs (0°75-—1 grm. borneol) behave exactly as 
rabbits do. 


After the administration of laurel camphor to dogs Hoffmann, 
Wiedemann, and Pellacani observed epileptiform attacks of a more 


or less marked character, preceded by psychical disturbance. The last 


two investigators, however, also gave large doses without producing any 
marked effects. In man the same thing is observed, Alexander’, 
who experimented on himself, experienced, after taking 40 grains, 
giddiness, great mental confusion and had one epileptic convulsion. He 
vomited most of ‘the camphor under treatment, but suffered from 
tremors for some hours afterwards. Harley* quotes a number of 
recorded poisoning cases in which convulsions were a marked feature, 
but shows that considerable doses (up to 35 grains once, and 30 grs. 
thrice daily) may be given without producing more serious symptoms 
than giddiness and lethargy. 

Even with very large doses (10 grms.) of siciiiuk I never observed 
convulsions in dogs. It was given in a bolus made up with mucilage, as 
an oily emulsion always caused severe diarrhoea. 

_ Small doses of 1 to 2 grms. cause in medium sized dogs no symptoms. 


1 Experimental Essays, p. 127, 1767. 
Practitioner, 210, 1872. 
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- With much larger doses the animal may remain quite unaffected, but it 
frequently exhibits great restlessness and unsteadiness of gait. The nose 
and ears become very hyperaemic from dilatation of the cutaneous 
vessels, There is no psychical excitement, but rather, as the intoxica- 
tion proceeds, the animal shows a great tendency to he down and fall 
asleep. Sensibility to external impressions is diminished, but the 
spinal reflexes are maintained nearly, if not quite, intact. The symp- 
toms pass off in a few hours. The effects therefore are very similar to | 
those of alcohol. 

Menthol in 2—4 grm. ae produced similar symptoms of intoxica- 
tion, but the effects were much more prolonged. It also can be given - 
in considerable doses to dogs without any observable 
following. 


Action of Laurel Camphor and Borneol on the Nervous System. 


From the foregoing description and experiments it is obvious that, 
in frogs, the part chiefly acted on by camphor is the nervous system. If 
we carefully analyse the order in which the various symptoms supervene, 
we can deduce with considerable accuracy the order in which the 
different parts become affected. Thus, the primary lethargy. and 
dulness show early implication of the cerebrum. The loss of coordinating 
power, following shortly after, points to rapidly succeeding involvement 
of the optic lobes and cerebellum ; while the next symptoms—inability 
to get off the back and cessation of respiration—prove that the paralysis 
has extended down to the medulla oblongata. Much later the spinal 
reflexes are abolished, and lastly the excitability of the motor nerves. 
Naturally from the very commencement of the poisoning all parts of the 
nervous system begin to be affected, but some succumb much later than 
others, and the order in which they finally surrender to the influence of 
the camphor is as stated above. 

In mammalia the symptoms may be referred almost entirely to the 
encephalon, the cord being affected much less profoundly, while the 
motor nerves in every case retained their excitability to the end. 

_ There are certain points to which I wish to draw — attention as 
rds the nervous system. 

(1) In frogs, it is evident that in some cases the reflex 
power of the spinal cord is not quite abulished before the 
motor nerves become paralysed. The reflexes are always, how- 
ever, nal much depressed long before the motor nerves show any falling 
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off in their excitability, and there-can be no doubt that the cord tands 
to be paralysed much sooner than the peripheral nerve terminations. 


_ This can be best shown by causing the frog to absorb rapidly a large 


quantity of camphor. For this purpose it is exposed to dense fumes 
obtained by heat, when the fine particles of camphor deposit on the skin 
and are so quickly absorbed that in a few minutes the animal lies quite 


- flaccid. It exhibits no reflex even to the severest stimuli, but on 


exposing the sciatic nerves they are found to be readily excitable to a 
weak interrupted current; shortly after, they also become paralysed. 
Experiments made’ in this way with different kinds of camphor always 
gave the same results. ‘T’he following may serve as an example. 


12.17. Frog exposed to sublimed fumes of artificial borneol. 
12.23. Quite paralysed; no reflex.. Exposure continued till 12.27. There 


was then no reflex to mechanical, chemical or electrical stimula- 
tion of the skin. 


One sciatic nerve exposed and stimulated with weak interrupted current, 


when the muscles of same leg contracted powerfully. 


The frog was left under the funnel till 2 o’clock, when the sciatic nerves 


were found to be no longer excitable. The heart was then beating 9 per 


30 secs., and the muscles were all quite excitable. 


(2) The continuation of well-marked spinal reflexes in 
the frog long after voluntary movements have ceased. This 


has been fully described by Wiedemann. He seems to infer, however, - 


that it is due to a preliminary stimulation of the cord, which only slowly 
passes into paralysis. Binz’ and Grisar* state explicitly that a stage 
of stimulation precedes the depression (0°03 laurel camphor). 

From my own observations I have formed the opinion that there is no 
preliminary stimulation of the spinal cord either in frogs or mammalia, 
but, on the contrary, a gradually deepening paralysis. When a frog 
begins to come under the influence of camphor the reflexes remain for 
some time undiminished, or may be even slightly greater than before. 
It is well known, however, that the latter condition occurs in frogs 
in which the connection between the brain and spinal cord has been 
severed, owing to the removal of the inhibitory influence exercised by 
Setschenow’s centres, Camphor paralyses these centres (along with 


the rest of the brain) and throws them out of action very early in the 
poisoning, while the spinal cord is still comparatively unaffected, and in 


1 Archiv f. expt. Path. vu1., pp. 62 and 63, 1878. 
2 Obl. f. med, Wissensch. 1874, 77. 
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this, it seems to me, lies the explanation of the increased reflex. That it 
is so appears to be proved by the following method of investigation. In 
frogs an incision was made through the atlanto-occipital membrane, and 
the brain destroyed above this. They were kept till next day, and only 
such were used as had well-marked spinal reflexes. They, were then 
slowly exposed to camphor under a funnel, or small doses were given 
subcutaneously, and the reflexes carefully observed. In every case 
there was a gradual diminution from the beginning. Thus 


12.6. Decapitated frog placed under laurel camphor funnel. 
12.9. Hardly noticeable diminution of reflexes. 
12,12. Slight diminution. 

12.18. Very distinct diminution. 

12.42. Skin reflexes quite gone: reflex to oe with Soetion marked, 

1:15. No reflex to severest pinching. 

Sciatic nerve quite excitable when stimulated at 140 mm. (1 

Daniell cell and Du Bois induction apparatus). 

1.50. No reflex. Sciatic nerve was now inexcitable. Heart exposed 
beats 18 in 30 sec. 


In rabbits, Pellacani has shown that borneol acts to a certain 
extent as an antidote to strychnine, by diminishing the severity of 
the spasms and by raising the minimal lethal dose required. Such a 
method of experimentation, however, while proving that camphor 
depresses the spinal cord, does not shew the presence or absence 
of preliminary stimulation. To do this, it is necessary to use an animal 
in which the spinal cord has been divided, and which has survived until 
the reflexes have recovered their tone, as described by Goltz. By this 

means only can the influence of the brain on the cord be satisfactorily 
excluded. 

Accordingly, in a young cat, the spinal cord was divided at the level 
of the third dorsal vertebra under ether. It made a good recovery and 
at the end of the third week was ready for experiment. A dose of 0°5 grm. 
borneol by the stomach had no appreciable effect on the reflexes, but 
when 1—1l‘5grm. was given the reflexes posteriorly were decidedly 
diminished without any previous increase. The cat anteriorly had the 

ordinary symptoms of borneol poisoning, while posteriorly there was no 
trace of tremors, 

This result is the contrary of what I had expected, as uninjured cats 
to which similar doses have been administered give a violent start and 
draw themselves together when tapped over the spine, simulating great 
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increase in the reflex excitability, Besides this, cats fully under 
the influence of borneol and insensible to the severest pain and in which 
the cord is palpably greatly depressed, start violently if suddenly tapped. 

But in both cases the start must be due to some cause other than 
heightened excitability of the grey matter of the spinal cord, and 
is probably idio-muscular’,. 


(83) The reflex function of the spinal cord is satatvaed 
sooner than its power of conducting motorimpulses. This may 
be most easily demonstrated by rapidly paralysing a frog with dense 
camphor fumes. When it is quite reflexless, the application of electrodes 
over the cord high up will still cause violent contraction of the leg 
muscles. In mammalia also, convulsions are present long after 
pricking with a pin, or even stimulation of a sensory nerve, have 
ceased to excite reflex action. The insensibility to pain is probably 
largely cerebral, as it closely resembles what occurs in alcoholic 
poisoning. 

Flourens showed long ago that in animals under ether there exists 
a similar condition of the motor and reflex powers along with the general 
anaesthesia. 


(4) Convulsions. The commonly accepted views with regard to 
the causation of the epileptic convulsions are those of Binz* and 
Wiedemann. The former states that they arise from the parts ~ 
between the cerebrum and medulla oblongata, while the latter assumes 
that they are due to stimulation of the medulla oblongata itself, He 
explains their absence in the frog by the paralysis of the spinal cord and 
motor nerves which prevents their manifestation. In mammalia, on the 
other hand, the spinal cord and motor nerves are never fully paralysed, and 
hence the convulsions are able to manifest themselves to the veryend. My 
own observations: however lead to different conclusions, and point to the 


fact that in mammalia the epileptic condition is due to an action on the 


cortex. This view is founded on direct experiment, and is besides strongly 
supported by the non-occurrence of the convulsions in frogs. In these 
animals it is well known that stimulation of the higher parts of the 
brain with electricity does not cause convulsions, and that these are only 
induced when the current is applied so low down as the medulla. Even 


1 The more recent investigations into the cause of the patellar reflex tend to confirm 
this view, and to show that the jerk is essentially muscular in origin but smagcsonieal in 
various ways by the condition of the spinal cord. 

2 Archiv f. expt. Path., v. 109, 1876. 
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then the convulsions are not epileptic in character. It is therefore 
impossible in frogs to produce convulsions by any stimulant which acts 
only on the higher centres. In mammalia, on the contrary, electric 
stimulation of the cortex causes irregular convulsion of an epileptiform 
character, and stimulation by means of a drug will no doubt do the same. 
These considerations explain the marked difference of symptoms 
observed in camphor poisoning in cold and warm blooded animals. But 
further proof is given by direct experiments on rabbits. These were 
made with the cooperation of Dr Ashdown, and as they opened 
up a wide field of investigation and are still being proceeded with, it will 
only be necessary to mention them briefly. We iit always used laurel 
camphor, as it produces convulsions in rabbits with much greater 
certainty than borneol does, The animal was trephined and the cortex 
cerebri carefully removed, After some hours a full dose of laurel camphor — 
was given by the stomach, when the rabbit showed great depression, 
unsteadiness of gait, &c. but never had convulsions. Control experiments 
were made at the same time with rabbits of similar size and with 
a similar dose, and in these the epileptic convulsions were always 
a prominent feature, | 


Action on the Heart and Circulation. 


Frogs. The action of laurel camphor on the frog’s heart has been 
studied by Heubner’, Harnack and Witkowski’, Wiedemann, 
Umpfenbach*, and Maki‘, all of whom agree in ascribing to its 
influence a decrease in the rate with marked increase in the energy: of 
the contractions, 

With moderate doses of menthol Pellacani obtained similar 
results, but borneol he regards as occupying an altogether peculiar 
position with respect to its action on the heart. It is, according to 
him, a powerful cardiac poison, and even in comparatively small doses 
brings the frog’s heart to a complete standstill within half an hour or © 
‘even in a few minutes after administration (0°03 —0°04 grm.). He also 
gives tracings from the isolated heart (Williams: apparatus), showing 
that the addition of borneol to the circulating blood causes rapid death 


1 Archiv f. phys. Heilkunde, x1. 1870. 

2 Archiv f. expt. Path., v. 

3 Inaug. Diss,, Erfurt, 1881. 

‘ Usher den: den Cainphers, Oofleins und Alkohols anf das Herz. Inaug. 
Diss. Strassburg, 1884, 
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of the organ. These results I am unable to understand, except on the 
supposition that the borneol used was not pure. I have made a large 
number of experiments on the frog’s heart with Borneo camphor, Ngai 
camphor, and borneol, and have invariably found their action to be 
exactly similar to that of laurel camphor. Rana temporaria was used. 
If the heart be exposed and the borneol given subcutaneously, there 
occurs in @ few minutes slowing of the rate. of contraction, along with 
an easily observed increase in the energy and completeness of the 
systole and a very full diastole. Nor is the heart rapidly killed, as 
Pellacani states, but continues beating powerfully for hours even if 
a large dose be given (0°03 grm.). With lethal doses, however, the 
systole gradually becomes less pronounced, and in time the heart stops 
in full diastole and greatly distended with blood. Mechanical or 
electrical stimulation does not then cause it to contract, the muscle 
being evidently poisoned. 

In comparing the effects of equal quantities of the three kinds of 
borneol, it became evident that the artificial variety made from oil of 
turpentine was somewhat more poisonous than the other two, so far as the 
heart is concerned. Whether this is due to some slight impurity, or to 
its being really a more powerful muscle (cardiac) poison I am unable to 
say. This was the only respect in which any difference was observed in 
the action of the three bodies. 


The following experiments show the action on the heart. 


Frog. 30 grms. 

Time. Heart in 80 secs. Remarks, 
12.8 22 | 
12.10 22 } gr. (0016 grm.) Borneo cam- 

| phor in oil subcut. 
12.18 22 
12.22 21 
12.26 — 21 Energy of contraction greater. 
12.34 21 


12.40 Very full and regular. 
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Time. in 80 eee, ‘Remarks, 
3.30. See | Diastole occurs in 2 stages ; the 
és bea heart half dilates, makes a dis- 
tinct pause and then dilates 
fully. 
4.40 
5.30 Diastole same, Systole quite 
. | good. Action full and regular. 
, Frog. 34 grms. 
11,26 | 19 
11.28 | 19 gr. (0°032 grm.) borneol from 
oil of turp. subcut. in almond oil. 
18 
11.38 Contractions more energetic. 
1148 3. Very full and regular. 
11.54 12 
12.8... Action full and regular. 
10 | 
12.28 9 
12.48 8 Regular. Diastole very full, 
* systole is still good. 
7 
Systole rather feeble, but heart’s 
| action still moderately good. 
3.50 7 
5.45 4 Systole very feeble: heart almost — 


in complete diastole. 

With much smaller doses, such as 5—2 mgrms., the stage of increased 
energy lasts a long time and never passes into paralysis, as it does with 
large doses. : 

Previous administration of a small dose of atropine does not in any 
way affect the action of camphor on the frog’s heart, which shows that 
the slowing is not due to the influence of the drug on the central 
nervous system, nor to a stimulation of the inhibitory terminations of 
the vagus in the heart. 

Shortly after borneol has been given electric stimulation of the 
vagus is found to have completaly lost its power of inhibiting the 
heart, stimulation of the sinus being also inoperative. This affords 
a further proof, if such were necessary after the results of the atropine 
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experiment, that the decrease in rate cannot be due to an irritation of 
the peripheral vagus fibres, which are in effect at least paralysed by the 
borneol. 

Accepting Schmiedeberg’s views that the heart contains inhibi- 
tory and motor ganglia, we are driven to the conclusion that the 
slowing is due either to an action on these ganglia, or on the heart 
muscle itself. The inhibitory ganglia are however thrown out of action 
by atropine, which paralyses the nerve connections between them and 
the motor ganglia. . : | 

Kither, therefore, the motor ganglia are stimulated in such a 
manner that the nervous impulses emanating from them to the muscular 
fibres cause the beats to become slower and more powerful, or the heart 
muscle itself is directly stimulated. At present there is no reliable 
method of distinguishing between the two actions. The subject is one 
which has been greatly discussed, and still remains unsettled, Harnack 
and Witkowski deny that the vagus is paralysed, and have endea- . 
voured to show. that camphor, physostigmine and a number of other 
bodies stimulate the cardiac muscle directly to such an extent that 
vagus stimulation can no longer inhibit its action. They base their 
opinion chiefly on the fact that in a heart fully under the influence of 
physostigmine or camphor and on which vagus stimulation has no 
effect, the administration of a muscle poison such. as copper or - 
apomorphine restores the inhibitory power of the vagus by depressing 
the cardio-muscular energy. In endeavouring to repeat their experi- 
ments I found them unsatisfactory in several respects, but I am at 
present investigating the subject more fully. 

The action of borneol on the isolated frog’s heart was also studied 
by means of Williams’ apparatus. This method is so well known’ 
as to need no description, but I may mention that by regulating the 

outflow of the circulating fluid there may be obtained either a simple 
tracing of the cardiac beats, or a record of the pressure maintained by 
the heart expressed in millimetres of mercury. The circulating fluid | 
used was defibrinated sheep's blood 1 part, normal saline solution 2 
parts. The borneol was added as a saturated solution in normal saline. 

Using the first method the observations made on the heart in situ 
were confirmed, viz—the beats became less frequent while their 
amplitude was greatly increased, (Fig, 1). If the circulating fluid 


1 Cf. Williams, Archiv fh expt. Path. xm. 1. Harnack und SaTemeRe, Ibid. 
XVII. = Maki, Inaug. Diss. Strassburg, 1884. 
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82 STOCKMAN. 


contained too large a proportion of borneo] the heart was rapidly 
killed in diastole (Fig. 2). Here also it was found that the solution 
of artificial borneol was much more toxic than the Borneo camphor 
solution. 


Using the second method of recording by means of Williams’ 


apparatus, the increase in blood pressure is shown in the two following 
tables. 
Sheep’s blood 33 ©.c. 
Circulating fluid = Saline sol. 57 ec. 
Sol. artif. borneol in saline 10-c.c. 
press. Heart in 
Time. inmm. Hg. 30 sees. Remarks. 
2.30 18 14 
2.50 18 14 
2.52 Borneol circulated. 
2.58 21 12 
3.0 24 12 
3.5 13 
3.8 12 
3.11 12 
3.25 29 12 
3.32 29 13 
3.50 31 13 | ; 
3.54 30 12 Heart acting quite well. No 
symptoms of commencing failure. 


The outflow was then relaxed, and a simple tracing taken, when the 
beats were found to be quite regular and very ample, Experiment then 
stopped. 


"EO 
4 
a 
; 
A 
2 
4 
Py. 
» 
a 
. 
x. 
in 
a 
= 
wt 
of 
> 
Pe 
4 
2 
“AG 
- es 
12.50 41 18 
ot, ers 
5 
1 5 38 
Ay 2. 5 18 
eol circu 
an 
1.4 48 16 
1 8 4 14 
14 46 14 
ae 
1 i 43 14 
‘A 
. 
q 


ACTION OF BORNEOL. 83 


Mammalia. Wiedemann found that after the administration of 
laurel camphor to rabbits and cats, there took place constantly a series 
_ of periodic rises of blood pressure, each rise being quickly followed by a 
return to the normal. After division of the spinal cord these were not 
observed, and hence he concludes that the rises are due to a series of 
convulsive discharges from the vasomotor centre in the medulla, where- 
by contraction of the arterioles is brought about. After section of the 
vagi the blood pressure invariably fell, but he is unable to explain this 
in any way. No direct stimulant effect on the heart muscle was made 
out: 

Maki using chloralised animals, so as to exclude any action on 
the vasomotor centre, found that laurel camphor raised the blood 
pressure, and hence concludes that it is a stimulant to the muscle 
substance. | 
| With borneol, Pellacani obtained a marked and rapid fall in 

the blood pressure and pulse rate of cats.) The doses which he used 
(3 grms.) were undoubtedly very much too large for the purpose, 
being sufficient to produce great paralysis and collapse within a very 
short time. 

With menthol (2—3 grms.) he obtained the same series of periodic 
rises as Wiedemann did with laurel camphor. 

My experiments were made with borneol and menthol but in much 
smaller doses than the above and with somewhat different results. The 
influence of borneol (1 grm.) on the mean blood pressure was found not 
to be constant. In some experiments there was a gradual slight fall: 
(with larger doses a rapid and large fall), while in others the periodic 
rises occurred, but in no case frequently. The heart always remained 
_ strong and regular, while the pulse rate either rose or fell slightly. The 
vagus never lost its power of inhibiting the\heart. 

_ With menthol I always got a slight fall with 1 gramme doses, 
preceded in some cases by a rise. Here also the pulse rate some- 
times increased and sometimes diminished Im the intact animal 
however (vide supra) menthol invariably caused an increase in pulse 

The following tables show the effects on the blood pressure, of doses 
_ sufficient only, in the first instance, to cause slight intoxication. : 
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84 R. STOCKMAN. 
Cat. 2260 grms.* 
Blood Pulsein|~ Blood Pulse in 
Time. in pore 10 secs. | Time. in 10 secs. 
11.32 138 40 12.8 , 130 41 
11.34 140 40 12.10 116 41 
11.35 134 4] 110 41 
11.36 1 grm, borneol in 12.20 108 40 
oil by stomach. 12.27 104 40 
11.37 137 42 12.32 106 . 40 
11,38 145 40 12.38 96 40 
11.40 136 38 ~-vagi cut. 
11,44 129 35 12.40 122 39 
11.45 136 36 left vagus stim. 82 28 
11.50 130 39 12.44 127 38 
11.54 125 38 12.46 112 38 
11,58 126 40 vagus stim. 80 21 
12,2 124 39 12.54 108 38 
12.5 136 4] . Jeft vagus stim. 92 33 
12.6 122 40 12.56 108 38 
12.7 1 grm. borneol in Experiment stopped. 
oil by stomach. 
| Oat. 2400 grms. 
Blood press, Pulse in Blood Pulse in 
Time. in mm, mere. 10 sees.| Time. in mm. merc. 10 secs. - 
11.55 121 34 12.40 122 39 
11.58 115 35 12.46 115 39 
12.1 119 36 12.50 120 ao... 
12.3 36 12.54 128 39 
1 Borneo camphor in oil b 1 grm. Borneo cam in oil 
stomach. 
12.5 123 38 12.56 . | 120 39 
12.8 |. 126 39 12.59 1d] 39 
12,12 122 40 1.0 , 102 36 
12,15 137 38 13° 37 
12,15} 156 40 1.5 104 ° 36 
12.16 149 40 1.6 122 36 
12.17 143 38 1.8 120 36 
12.18 134 38 1,12 108 35 
12.21 132 39 1,20 106 . 32 
12.23 on 39 1.24 103 32 
12,27 12 38 Ex t 
12.34 40 


In the first experiment the pressure fell slightly after one gramme, : 
and rapidly after two, while in the second experiment periodic rises are 
observed, accompanied by a general gradual fall. The effect on ~~ 


pulse rate was inconstant. 
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It is unnecessary to give examples of the menthol experiments at 
length as they resemble the above exactly. One gramme in oil by the 
stomach caused the pressure to fall from 158 to 128 within an hour, 
-and rapidly to 90 on repeating the dose. A rise was only seen in one 
case. 

Action on the blood-vessels. The action on the peripheral blood- 
vessels was studied by circulating blood through. isolated organs kept at 
the normal body temperature, when it was found that the presence of 
borneol caused great vascular dilatation, The following experiment 
shows the amount of increase in outflow. 

Organ used. One horn of sheep’s uterus. Inflow cannula in uterine 
artery, outflow cannula in uterine vein. 

0°3 grm. Borneo camphor shaken up with 200 ¢.c. defibrinated sheep's 
blood and filtered. 

Before camphor outflow averaged 9 drops per minute 


3 mins. after circ. of camphor blood = 30 = 

6 33 

12 ” ” | 42 
15 ” 47 
2 1 57 
33 45 
42 42 


Kobert has shown that oil of peppermint also greatly dilates the 
blood-vessels in isolated organs, 

From the different experimental results obtained it seems that after 
the administration of all these substances in moderate dose, the blood 
pressure may be affected in two ways: (1) it may fall gradually, or (2). 
may show periodic rises, the heart in both cases maintaining a vigorous 
and regular beat, When large doses are given the blood pressure falls 
markedly and rapidly. 

In the first case there probably occurs dilatation of blood-vessels and 
a consequent fall of blood pressure, but these lead to a fuller action of — 
the heart, and ‘a vigorous stimulation of the circulation. From the 
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results of the experiments on the isolated frog’s heart (where the 
vessels are excluded) I think we may safely assume that in addition the 
heart muscle is stimulated either directly or through its ganglia, but 
that the vascular dilatation in mammalia prevents this from raising the 
blood pressure. In deeply chloralized animals I was unable to get a rise 
of blood pressure with Borneo camphor. Maki indeed got such a rise 
with laurel camphor, but Wiedemann, who relaxed the vascular tone 
by dividing the cervical spinal cord, failed to get it, results which 
apparently contradict each other. If there does occur in mammalia a 
direct stimulant action on the heart, such as is seen in frogs, it is very 
difficult to demonstrate, and unless we assume Maki’s results as correct, 
we can only infer such a stimulation from a study of the amphibian heart. 

The dilatation of the blood-vessels is brought about certainly by a 


peripheral action, but partly also no doubt by a central action on the 


vasomotor centre, which shares in the general cerebral paralysis. It is 
most probable also that the rapid fall, seen after large doses, is due 


chiefly to the latter cause, as we see the same thing after large doses of 


alcohol. 

It is more difficult to account for the periodi¢e increases in ‘blood 
pressure. As has been seen, at least with borneol and menthol, they are 
frequently absent, and this is naturally a great bar to the investigation 
- of their causation. In the case of laurel camphor Wiedemann explains 
their occurrence by assuming that the vasomotor centre shares in 
- the general epileptic condition, and brings about periodic narrowings of 
the arterioles. This at first sight looks probable enough, but with 
menthol Pellacani got similar well marked periodic rises, although 
(with much smaller doses however) I did not, and in this case the 
theory of spasmodic stimulation of the vasomotor centre is hardly 
admissible, as the animal has no epileptic seizures and is simply 
stupidly drunk. 

' A possible explanation is that camphor and its metabolic products 


(which form very rapidly) are circulating in the blood in ever varying — 


proportions, and according as one or other is in the ascendant do we get 
different effects. The whole matter is one which would require a 
special investigation to elucidate it thoroughly, but the insolubility of 
camphor in indifferent menstrua throws: great difficulties in the way. 
It has to be given dissolved in oil either subcutaneously or by the 
mouth, the absorption is always slow and very irregular, and in a given 
case one can never be certain how much is actually in the circulation. 
a The respiration is asia very much slowed from the 
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first. In cats it falls in about a quarter of an hour from 36 per min. to 

26 and after that to 16 or even 10, at which it remains. ‘In rabbits also 
the rate very rapidly falls until it reaches about a third of its normal 
frequéncy. 

Action on muscle. With ordinary doses in frogs the muscles are— of 
unaffected, but when the frog has been exposed for some time to 
sublimed fumes the muscular irritability is very noticeably diminished. 
In mammalia no action on the muscles is observable. 

: Action on the blood. Tt has been shown by Binz and his pupils | 
i that most essential oils increase the number of white blood corpuscles. 
: Borneo camphor isan exception to this however. 7 
J made a number of experiments on myself and’ on friends, using 
doses up to 10 grains by the mouth, but the results were invariably 
negative. Gower’s haemocytometer was used for the enumeration. 
Glycosuria, The occurrence of sugar in the urine in camphor 
poisoning has never been previously noted. This excites the less — 
_ surprise as it is. by no means constant, and in my experience occurs 
i, only in cases in which convulsions are a marked feature. Thus I never 
% found it in dogs after borneol or menthol, although possibly 50 or 60 
examinations of the urine were made, nor in other animals which got 
either too small or too large a dose to develope the convulsive stage 
# fully. It was also absent in menthol poisoning, as were convulsions (4 
observations, cats). 
| It is quite possible however that with an extended’series of observa- 
§ tions glucose might be found in the urine of animals poisoned with 
menthol, as it seems to- occur pretty frequently after the administration 
of substances which are excreted in combination with glycuronic acid. 
It has been observed in such cases quite apart from convulsions, as 
v. Mering and Thierfelder' found it in the urine of a dog after 
administration of 10 c.c. dimethyl-ethyl-carbinol, a body which is 
excreted in combination with glycuronic acid, The dog showed symp- 
toms similar to those of alcoholic intoxication and had no convulsions. 
In another case (man 9 c.c. in 24 hrs.) no glucose was present in urine. 

In fasting rabbits also, Thierfelder* after the same substance 
a found glucose excreted, but by no means in every case. 

Its oceurrence in such cases must therefore be regarded as inconstant, 
and dependent on the energy with which oxidation oe are going 
on in the organism. 

1 Zeitech. f. phys. Chemie, 1x. 611, 1885. 

a * Zeitsch. f. phys. Chemie, x. 161, 1886. 
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My attention was first drawn to the glyeosuria by observing that the 
urine of certain animals which had received somewhat large doses. of 
laurel or borneol camphots reduced Fehling’s solution very markedly. 
This I at first attributed to the metabolic products of camphor which 
are found in the urine, but camphoglycuronic acid does not reduce 
Fehling’s solution’ although one of its decomposition products— 
glycuronic acid—does. The latter is only obtained from the former by 
prolonged digestion with dilute mineral acids, and is not present in, the 
urine wher voided, nor does it ferment with yeast, Besides,’ other 
urines which contairied large quantities of the metabolic bodies had no 


power of reducing copper salts or of undergoing fermentation. | 
Those urines which reduced the Fehling’s solution were found to 
ferment violently with yeast over mercury and to give off large quanti- 


ties of carbonic acid gas. They also gave the other well-known tests for 
sugar. I cite below several of the cases in which glycosuria was 
present. | 

Cat. 2310 grms, Got 1:5 grm. laurel camphor in oil subcutaneously. 
Had several epileptic convulsions and 7 hrs, later passed urine which reduced 
Fehling’s solution and fermented with yeast. The gas given off was absorbed 
at once by caustic potash solution. It died in 23 hrs. The urine in the 


bladder was light straw colour, sp. gr. 1°018, and also on application of same 
tests was found to contain glucose. . 


Cat. 3031 grms. Got 2 grms, Borneo camphor in emulsion by stomach. 
It had the usual symptoms and died in 25 hrs. Urine in bladder contained 
no albumen, reduced Fehling’s solution and fermented over yeast. 


Rabbit. 1380 grms. Got 0:8 grm, laurel camphor in oil subeut. Had 
many slight epileptic convulsions: 54 hrs. after, the expressed urine contained 
glucose. Rabbit recovered and was perfectly well next day. | 


_ Rabbit. 930 grms. Got 2°5 grms. borneol in oil by stomach. It had 
clonic but no tonic convulsions. 3 hrs. after, the expressed urine contained 


sugar; also 5 hrs. after. 10 hrs, after the rabbit had considerably recovered, 


there being only some and unsteadiness of urine 
contained no sugar. 


camphor (0°09—0'2): reduced the temperature both in 
normal and fevered rabbits. | 


1 Schmiedeberg and Meyer. Zeitsch. f. phys. Chemie, 1. 492, 1879, 
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In repeating his experiments 6vén with ihuch larger doses I did not — 
obtain such invariable results. In some instances the temperature was 


lowered, while in others it remained quité unaffected. As has been 


previously stated this is due partly to- differences in absdrption, and 
partly to differences in the rate of metabolism. It was easily observed 
that a distinct fall occurred only in those animals in which general 
symptoms of depression or slight convulsions were present. Medium 
sized rabbits were used, the camphor was given subcutaneously, and 
the temperature was measured every quarter-hour in the rectum with 
the usual precautions ; 0°35 and 1 grm. were in two cases quite without 
effect. In other two cases 0°4 and 0°8 grm. reduced the a as 
follows : 


I. If. 


Time, Fahr. Time. 

11.15 103°1 11.15 102°-9 

11.30 103°6 11.45 102:2 
11.45 103-4 12.30 08 grm. can- 
12.0 103-4 phor. 
1.0 103-2 grm, laurel cam- 12.45 101-7 quiet and depressed. 

phor. 10 1008. 

1.30 101-7 dull and depressed. 1.30 988 

1.45. 101-0 1.45 98:4 convulsion. 

2.0 had slight convulsion... 2.0 98-2 convulsion. 

2.30 100°4 2.30. 97°6 | | 
3.0. 1008 | 3.0 97 . has had frequent con- 

5.15 10146 3,30 97-4 

5.45 102 4.0 976 

4.30 97-4 convulsions. 

8.20 104 886 


6.15 convalsions still. 


When hailed was given the same variableness tn the ountie was 
seen, Small doses (0°5 grm.) were always without éffect, while larger 
doses (2 grms.) might have no effect, might reduce ee slightly 
or might reduce it in a remarkable degree. 

7—2 
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Rabbit. 927 grms. 

Time. Fabr. 
12,15. yor 
12.18 — 2°5. grms. borneol by stomach. 
12,48 102 
1,18 100-6 
2.0 
2.45 95-5 
3.15 | 94:5 
94:2 
4,15 94 
4.45 93-2 
6.15 91:4 
7.30 89:8 
10.0 - 91 
11.0 94:4 

Next day 10.0 101 


The animal had convulsions, passed through the copes! symptoms, and 


next day had quite recovered. 


In another case where death occurred after 3 grms. the tomperatr 
fell from 99° to 80°. 

In cats the fall was never considerable unless great collapse were 
present, while in dogs it was never more than a few tenths of 1° F. 
As regards the cause of the fall in temperature three factors come into 
play. The dilatationhof cutaneous vessels must increase the radiation 
of heat from the body, while in cases where the general symptoms are 
extreme, the state of collapse and consequent interference with the 
chemical processes going on in the body will be a powerful agent in 
preventing its production. To the latter cause is probably to be ascribed 
the great fall observed in some cases. 

Besides these, the conjugation of campherol with glycuronic acid 
will have some effect, especially when large doses are given. Glycuronic 
acid (C,,H,O,) is a product of the commencing oxidation of glucose, and 
readily breaks up further into carbonic acid and water, its ogidation 
being of course a source of heat. When it combines with campherol it 
is rapidly excreted without further oxidation occurring, and is lost to 
the body as a heat producer. 

Its close chemical relationship to glucose probably explains, in some 


way yet to be demonstrated, the —— appearance of the latter body 
in the urine. 
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ACTION OF BORNEOL. 91 


It is evident that laurel camphor (C,,H,,0), borneol (C,,H,.O) and 
menthol (C,,H,,O) form a group of substances very closely allied to each 


other in physiological action. To these may be added monobromide of 


camphor’* (C,,H,,OBr), a derivative of laurel camphor, the action of 
which seems to resemble that of borneol more nearly than that of the 
other two bodies, and there can be no doubt that if other derivatives 
were investigated they would be found to have somewhat similar 
actions. They are all closely related to the alcohol group in their 
physiological effects; menthol approaching the latter most nearly, but 
as the number of hydrogen atoms diminishes we get an increased 


tendency to produce convulsions of cerebral origin. 


Camphor and the essential oils have long been used therapeutically 
in conditions of increased spinal excitability, and the results of pharma- — 
cological investigation fully confirm their value in such cases. | 

As cardiac stimulants their modus operandi seems to be closely 
related to that of alcohol. It is not quite identical, however, as Kobert* 
has shown that ethylic alcohol has practically no effect in dilating 
peripheral vessels, while we have seen above that borneol and menthol 
are very powerful in this respect. It must be remembered, however, 
that we do not use pure alcohol therapeutically, and that the various 
wines and spirits contain different ethers in sufficient quantity to dilate 
the blood-vessels and so make up for this deficiency. This being the 
case, the action of the camphor group and of the ordinary vessoanene 
stimulants on the circulation is probably identical. 

Borneol can be manufactured in large amount from oil of turpentine, 
but whether it would have any advantages over laurel camphor as a 
therapeutic agent can only be determined by long clinical experience. 
It is certainly a less irritating substance locally, and could be given in 
much larger doses than the latter without causing untoward cerebral 
symptoms. 

In conclusion, my thanks are due to Messrs Clarke, Hill, Holmes 


Howards and Sons, and Jackson for their kindness in supplying ‘me 


with material to carry on the investigation. 
The blood pressure experiments were made in’ the laboratory of the 
Royal College of Physicians, Edinburgh. | 


1 Bourneville. Practitioner, 1. 112, 1874, and Pellacani, loc. cit. 
Archiv f. expt. Path, xxu, 77, 1887. 
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A NOTE ON THE CAUSE OF THE FAILURE OF VERY 

RAPID ELECTRICAL STIMULATION TO PRODUCE 
TETANUS IN MUSCLE. Br HENRY SEWALL, Ph.D., 
Professor of Physiology in the University of Michigan, U.S.A. 


A RECENT paper by Roth’ on the maximal frequency of stimulation of — 


nerve and muscle which is capable of producing tetanus, gives occasion 
for a criticism of the electrical method, at least as commonly employed, 
as incompetent to solve the problem proposed, It is of manifest 
importance to our conceptions of the physiological processes in active 
nerve and muscle to know what, if any, be the limiting rate at which 

‘successive excitatory phases may be developed in those tissues ; ‘but the 
discrepancy in the results reached by a number of competent observers 
through the employment of electrical stimuli, of itself casts sufficient 
suspicion upon the method employed in the investigation. 

- In order to make clear the object of this communication it will be 
necessary to briefly review the — work which has eaten performed 
on the subject in question. 

Griinhagen* stimulated the nerve of a muscle preparation by a 


galvanic current whose interruptions were produced by a steel spring — 


striking on metallic rods projecting from the periphery of a rotating 
wheel, By this method some 2800 contacts per second were’ obtained. 
With moderate strength of current tetanus failed when the rotation of 
the wheel became rapid, but was reproduced when the current was 
maile stronger. With a strength of current and rate of rotation which. 
combined gave no tetanus, simple closure and opening of the circuit 
gave rise to single contractions; the effect was that of a continuous 
galvanic current. The production of tetanus depended on the strength 
of current, the duration of the contacts and their rate of succession. ’ 


1 J. Roth. ‘Ueber die Wirkung héchster elektrischer ouf- Muskeln 
‘und Nerven.” Pfliiger’s Archiv, 1888,8.91. 
*Griinhagen. ‘Versuche tiber intermittirende Nerven-Reizung.” Pfliger’s Archiv, 
1872, ®. 157. 
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RAPID STIMULI AND TETANUS. 93 
_ Engelmann’ had previously employed essentially a similar nethent | 


and arrived at corresponding results. 


In this case the galvanic current was made to pass through the 
contact formed by a couple of silver knobs pressed upon the periphery 
of a metal disk which was elevated at regular intervals by strips of hard 
rubber set into it. On rotating the disk the metallic contact’ was 


alternately made and broken, and by this means interruptions at a 


maximum rate of 2000 per second could be obtained. Engelmann thus 
excited -both nerve and curarised muscle and his results are nearly 
identical with those of Griinhagen. 

Tn the well-known work of Bernstein’ induction shocks, produced by 
an apparatus provided with the arrangement used for equalizing the 
intensity of the alternating currents, were used as stimuli. 

The automatic vibrations of a strap-shaped spring dipped a platinum 
point into mercury and 80 made the interruptions in the primary 
circuit, 

With pedidacy strength of current the tetanus failed j in the. musele 


— excited indirectly when the rate of vibration produced about 250 stimuli 


per second, The tetanus was replaced by an “ Anfangszuckung”.or 
simple initial contraction. When, now, the secondary coil was gradually 
pushed toward the primary a weak and finally a strong tetanus could be 
produced. 

With sufficiently powerful stimuli tetanus could still be provoked 
when the rate of excitation was 1760° per second. The profound 
meaning which Bernstein attached to the substitution of the’ initial 
contraction for tetanus under ordinary conditions of stimulation is a 
familiar matter of history. 

Kronecker and Stirling’ stimulated indirectly a muscle with 
induced currents generated by the longitudinal vibrations of a mag- 
netized iron bar. °They found that the muscle answered by tetanus 
stimuli which reached their maximum in the nerve in 000005 second, 
and concluded that the upper limit of electrical stimulation capable of 
tetanizing the muscle lies near the bounds where the other (physical) 
rheoscopes are a of appreciating variations in current intensity. 


1 Engelmann. « Beitrége gur allgemeinex and Nerven-Physiologie,” Pfliiger’s 
Archiv, 1871, 8, 3. 

2 Bernstein. Ueber den Riaregengenor ging im Nerven- u. Muskelsystem, 1871. Also 
Phiiger’s Archiv, Ba. xvu, 8. 121. 

+ Kronecker and Stirling. ‘Die Genesis des Tetanus.” Du Bois’ Archiv, 1878, 
‘$8, 894. Also, this Journal, Vol. 1. p. 384. 
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V. Frey and Wiedemann’, whose work is accessible to me only 
through an abstract, interpolated a muscle nerve in the circuit of a 
Holtz machine whose sparks were discharged through a vacuum at a 
rate regulated by resistances interposed in the circuit. The authors 
found that tetanus failed and only the initial single contraction appeared 
when the stimuli succeeded one another in the nerve at the rate of _— 
3000 to 15000 per second. 

The work of v. Kries* appears to me to be of anusual adie 
and bears very closely on the discussion which is to follow. This 
observer stimulated a frog’s muscle indirectly by currents induced in a 
coil of wire placed between the pole of a powerful magnet and the 
periphery of a rotating brass disk which was beset at regular intervals 
with pieces of iron, The nerve was excited both in an artificially 
warmed and cooled condition as well as at the ordinary temperature. 
The “ Anfangszuckung” appeared in the cooled nerve usually when 
the electrical oscillations reached 100 per second; but in a nerve 
warmed to about 38°C. oscillations of the current of 1000 per second 


could not as a rule produce the phenomenon. Respecting the maximal _ 


rate of stimulation which is still capable of producing tetanus, v. Kries 


concludes that this limit is not absolute but relative ; for every intensity 


of the stimulating current there is a frequency of stimulation which, 
when surpassed, is followed by a failure of physiological action.. 

Finally, Roth* proceeded somewhat on the line laid out by 
Kronecker and Stirling, using induction shocks, but produced the 
variations in his primary current by the vibration of the diaphragm of 
the Blake microphone, with platinum-carbon contact, such as is: com- 
monly employed as a telephone transmitter. 

Sounding pipes of known pitch held before the diaphragm occasioned 
and maintained its vibrations. The primary current was developed by 
one Gassner’s dry element. The nerve or muscle was included in the 
secondary circuit. Deep tones produced a perfectly regular tetanus; 


but as the pitch was elevated until the note corresponded to 2500 


vibrations per second, causing 5000 alternating induction currents, the 
muscle, stimulated indirectly, failed to give any reaction either to the 
closure or the opening of the secondary circuit. The maximal frequency 


1 'V. Frey u. Wiedemann. ‘Ueber die Verwendung der Holtzschen Maschine zur 
physiolog. Reizversuchen,” Ber, d. Siichs. Ges. d. Wissensch., 1885: 
* 'V. Kries. ‘Ueber die Erregung des motorischen Nerven durch Wechselstréme.”’ 
Ber. d. Verhandl. d. naturforsch. Gesellach. zu Freiburg i. B. 2. 
‘Roth, Op. cit. 
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RAPID STIMULI AND TETANUS. . 
of stimulation to which the muscle, directly excited, would respond was 
some 300 stimuli per second less than for nerve. A tetanus was replaced 


by an initial simple contraction if the intensity of the current was 
sufficiently reduced. 


- It would certainly be difficult to draw from the writers who have 
been quoted any authoritative conclusion as to the limiting frequency 
for the electrical stimulation of nerve and muscle; and this subject is 
now re-opened without the presentation of new evidence only because I 
believe that experiments performed by me more than seven years ago 
afford a reasonable explanation of the discrepancies in the results of 
different investigators, and also show clearly the incompetence of the 
present electrical methods to solve the problem. The work referred to* 
was an attempt to discover the mutual: influence of two separate 
induction currents acting simultaneously, or nearly so, upon a motor 
nerve. The nerve of a frog’s gastrocnemius muscle was supported upon 
two pairs of non-polarizable electrodes each of which was connected with 
the secondary coil of a du Bois apparatus. The muscular contractions 
were recorded on the plate carried by a pendulum myograph. The 
pendulum in its swing opened two contact keys, whose relative position 
could be regulated by slow motion screws, and which were respectively 
interpolated in the primary circuits of the induction coils. 

The electrode pairs were placed under the nerve at a variable 
distance apart, but usually rested within 1 cm. of each other. One 


. induction current was purposely thade so weak as to be just incapable of 


producing a contraction while the other current possessed sufficient 
intensity to arouse a submaximal contraction. 

The effect of every possible combination of position of the two 
currents- on and their direction in the nerve was tested in each 
experiment. In making the observations one or the other pair of 
electrodes was chosen to carry the weaker current and then the 
appropriate secondary coil was pushed out so far that opening its 
primary key produced no contraction. A submaximal stimulus was then 
chosen for the second pair of electrodes and the height of contraction 
noted. With the arrangement used there was no difficulty in obtaining 
a series of submaximal contractions of equal height. Finally both keys 
were closed, and made to open simultaneously by one swing of the 
pendulum and the effect of the double as compared with the single 
stimulations was recorded. Then the same formula was repeated 


1 Sewall. “On the Polar Effects upon Nerves of Weak Induction Currents,” This 
Journal, Vol, m1. p. 175. | 
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through a series of observations, but each time after changing the 
direction of one of the currents or its Position with reference to the _— 
in the nerve. 


Following ' is a summary of the results obtained in my work. 
«J, When the upper stimulus, that farthest from the muscle, only is 


able by itself to produce a contraction, the lower stimul us, that nearest 
the muscle, taken alone being inefficient :— 


(2) When the upper is descending and the lower ‘Seiceatiag. 


“ double stimulation gives a strong diminution of the single contraction a 

‘| obtained from the upper stimulus, a 

| (6) When the upper is descending and the lower is ascending, a 

| double stimulation gives a strong increase in contraction over the 7 

single. | 

| (c) When the upper is and the ascending, 
| 


double stimulation gives a slighter increase over the single. 


(qd) When the upper is ascending and the lower descending, 
double stimulation gives diminution of the single. 


II. When the upper stimulus taken alone is inefficient to produce a 
contraction, the lower being by itself efficient :— 

(a) When the upper is descending and the lower descending, 
double stimulation gives an increase over the single contraction. 

(6) When the upper is descending and the lower ascending, 
double stimulation gives a strong increase over the single. oe 

(c) When the upper is ascending and the lower ascending, 
double stimulation gives strong diminution of the single contraction. 
 (@) When the upper is ascending and the lower descending, 
double stimulation gives a diminution of the single.” _ 

These effects failed when the interval between the opening of the : 
two contact keys was increased to about 0-001 second, and they were 
more marked the nearer together the two pairs " stimulating 
electrodes were placed. 

These results have since been essentially confirmed by Griinhagen' — 
who does not appear to have seen the Paper from which they are 
quoted. 

It will not be doubted that the apparent summation or interference 


“Ueber fachte Interferenz- und Summations- Vorginge 
Thatigkeitezustande.” Phliiger’s Archiv, Bd, 34, 8. 301. 
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RAPID STIMULI AND TETANUS. 


of the double stimulus was none other than the effect of the electrotonic 
modification of the irritability of the nerve brought about by the action 


upon it of the stimulus which was itself incapable of provoking a 
contraction, but which possessed sufficient polarizing power either to 
heighten or depress the irritability of the merve toward the effective 
current. When the anode of the ineffeetive current was turned 
towards the effective electrodes the excitation from these was weakened ; 

when the inefficient kathode was nearest their 


_ stimulating power was exalted. 


It seems inevitable when a nerve is saipsiiaéid with antes 
currents that the polar influence of each single current should -have its 


effect upon the stimulating power of the succeeding one; and when 


the sequence is sufficiently rapid each new kathodal phase must be 
developed in a part of the nerve which is still in the condition of 
anelectrotonus, and tetanus must fail so soon as these phases balance 
one another sufficiently to prevent the starting of an action current. 
The production of a physiological “action: current” in nerve or 
muscle is a function of the rate of change of intensity in the stimulus 


applied. An electrical current has power to excite an action current 


when the rate of development of. the ‘kathelectrotonic or the 
disappearance of the anelectrotonic condition has teached a certain 
value, provided the stimulating current have a sufficient intensity. 
But the electrical current, by polarizing the nerve or muscle, 
furthermore alters its static condition of irritability toward any sort of 
stimulation. Tigerstedt’ was able by the application of mechanical 
stimuli to nerve to verify all of Pfliiger’s statements as to the 
electrotonic modification of irritability. I have shown that very 
marked electrotonic effects may be produced by induction currents 
which are too feeble to excite contraction. 

Theré is little doubt that the ratio of the sulettiine to ‘the 
stimulating influence of the electric current changes with the tempera- 
ture of the tissue on which it acts; for, Hermann’ found that “ Kalte 
vermehrt und Warme vermindert anscheinend die Polarisirbarkeit ; 
erstere verlangsamt, letztere beschleunigt die Depolarisation.” While 
v. Kries found that in the cooled nerve electric oscillations of 100 per 


second failed to produce a tetanus and gave only the initial single 


1 Tigerstedt. Quoted from Hofmann and Schwalbe’s Jahresbericht d. physiol. 
Lit. 1882, 8. 18. 

Hermann. Untersuch. ii. d. Polarisation Muskeln u. Nerven.” Pfliger’s 
Archiv, Bd. 42, 8, 1. 
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98. H. SEWALL. 


contraction; but in the warmed nerve oscillations of 1000 per second 
still tetanus. 


Furthermore, it is extremely probable that the radios of polarizing to 


stimulating power of the electric current varies with every change in the 
form of the curve representing the physical oscillations of the current. 


If these‘ statements be true it is easy to see how according to oné 


method tetanus fails with 250 stimuli per second while after another 
method 20000 per second still maintain a steady contraction. 


ao 


The explanation I would propose for the results obtained by — 


Griinhagen and by Engelmann, who used the interrupted galvanic 
current as stimulus, lies essentially in the foregoing. At the removal of 
a polarizing current from a nerve or muscle there is a rebound from the 
electrotonic condition at either pole, the irritability of the tissue being 
momentarily depressed in the region of the former kathode but 
increased in that of the anode, If the interruptions of the galvanic 
current become sufficiently rapid we might well expect that the 
electrotonic rebound at any kathodal break would neutralize the 
stimulating effect of the succeeding very fleeting kathodal closure. 
The power of a current to exite a contraction depends markedly on the 


duration of its action, while Hermann’ found that the polarizing 


action of a current lasting in the nerve only 1/1584 second was quite 
perceptible, and concludes “dass die Polarisation des Nerven sich in 
ungemein kurzer Zeit entwickelt,” 


Ann Arson, Micuican. 
March 26, 1888. 


. Hermann, Op. cit., 8. 43. 
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AN EXPERIMENTAL INVESTIGATION OF STRYCH- 


NINE POISONING. ROBERT W. LOVETT, MD., 
Boston. 


From the Physiologicat Laboratory of the Harvard Medical es 


THE most wageeficial consideration of the action of drugs upon the 
higher organism shows a constant and marked affinity on the part of © 
certain drugs for certain organs, or to speak more correctly, a power in 
certain organs to select some substance from the circulation, and 
by destroying or excreting it or by storing it up, to remove it from 
the blood. Urea circulates freely through the body as a constituent of 


_ the blood and no organ or gland shows any special disposition to 


select it from the blood current until the kidney is reached when 
it is immediately removed and disposed of. The liver shows a marked 
aptitude for selecting and filtering out from the blood certain products 
of digestion which in the general circulation prove harmful or even 
poisonous, Peptones, as shown by Schmidt and Mulheim’, in the 
general circulation are distinctly poisonous, but when the blood 
containing them passes through the liver they are removed and broken 
up into useful glycogen and sugar’. In the same way nicotine. 
conium, etc..are much less poisonous to the organism when they have 
passed through the liver*®, and that this is an elective affinity and 
not a mere removal of all poisons by the liver is shown by its imability 


to remove or render less harmful such = as curara, — or 


Prussic acid‘. 

The well-known effect of curara upon the motor nerves, veratrine 
and physostigmine in their distinct effect upon the muscles, the 
storage of lead in the nervous systema, and many other examples all 
emphasize this elective. affinity of drugs, yet there is a large class of 
cases in which it is impossible to say whether organs which are 
— affected by certain drags have a special attraction for 


1 Ludwig’s Work. 

2 Seegen. Pfliiger’s Archiv, xxvut. 990. 

3 Lautenbach. Phila. Med. Times, 1877, May 26. 

* Brunton. Mat. Medica, Pharm. and Therapeutics, Am. Ed., p, 349. 
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these drugs and select them from the circulation to appropriate them 
and store them up in their own structure or-whether the organ in 
question is merely particularly susceptible to the action of these drugs. 
For example, does strychnine exercise its peculiar power upon the 
spinal cord because there is more of the drug present there than in the 
other organs or because the cord is more susceptible to its action than 
the muscle, the brain or the liver for instance ? 

In the hope of obtaining an answer to at least part of this question 
and of getting a more extended view of the principle of this elective 
affinity the following work was undertaken at the suggestion of 
Prof. Henry P. Bowditch and carried on under his direction in the 
- Physiological Laboratory of the Harvard Medical School. The line of 
investigation was, to ascertain if the spinal cord showed any especial 
facility in taking from the circulation and storing: up in its tissue such 
substances as strychnine for instance, a drug whose presence in: the 


organism is demonstrated by symptoms of spinal origin. This line of — 


inquiry was particularly brought to notice by the method of Pasteur 
in selecting the spinal cord of rabbits as the source of virus for further 
inoculation in the prevention of rabies. 


Sulphate of strychnine is particularly well adapted for use in such. 


experiments, as it affects animals in a uniform and definite way and 
inasmuch as the quickness of its effect is proportionate to the size of the 
dose it offered the hope of establishing a quantitative table, It is a 
drug which acts particularly upon the spinal cord. Miiller and 
Magendie attributed its action to some structural or electrical change, 
but. that idea has of course passed away and now it is regarded not so 
much as an excitor of the spinal cord as that it renders the cord more 
excitable to reflex stimuli, As Brunton puts it, “Its action is 
probably caused by alteration in the comparative rate of: transmission 
of stimuli from one cell to another'’.” Frenchmen speak of it as 


“exaltation excessive de l’excitabilité réflexe des centres bulbo- | 


médullaires,” and such a theory has for its supporters Brown-Séquard, 

Vulpian, Van Deen, Mayer, ete. Magendie showed very clearly 

that the poison acts through the circulation and that it produces 

its effects through the spinal cord’, Its elimination is prompt and is 

effected by means of the urine and the saliva. Kratter’ found it 

present in the urine of a patient half an hour after its subcutaneous 
1 Brunton. Loc. cit., p. 150, 


2 Magendie. Paris Soc. de Philom. N. Built. 1806, 1. 868. 
3 Kratter. Wien. med, Wochenschrift 1882, 8 to 10, p. 214. 
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STRYCHNINE POISONING. 101 


injection oni in 48 hours it had wholly disappeared. An experiment of 
Arnold bears on the same subject; he injected into a frog 000001 
grams of strychnine and noticed only a slight intoxication in the way 
of increased excitability in half an hour. But frogs who had had tetanic 
convulsions on the previous day for an hour after the administration of 
‘0001 of strychnine and had recovered, had tetanus and died after the 
administration on the succeeding day of 000001 grams.’ Frogs were 
chosen as the animals to be used as they are fairly susceptible to the 


effects of strychnine. I give the table of Nothnagel* showing the 


of different animals to the drug: 


Minimum fatal dose for each 
kilogram of weight. 
Man | 0-4 (Husemann) 
Rabbit | 06 ,, (Falck) 
Cat 
Frog ” 


The line of work was to be as follows: first by the injection of 
known amounts of strychnine into frogs of known weight and by the 
observation of the time in which convulsions occurred, to construct a 
table showing the time that. various amounts of strychnine require to 
produce convulsions in frogs of known weight. And second, to 
ascertain if any difference exists in the relative amounts df the poison 
contained in the tissue of the various organs at a definite time after 
either the introduction of the drug into the system or the occurrence of 
convulsions. And more definitely to determine if possible by means of 
the table mentionéd above the amount of poison present in an — | 
weight of spinal cord, muscle, liver, blood, ete. of the poisoned frogs. 

First then as to thé forination of a quantitative table. The frogs 


used were for the most part small ones, as they of course reacted more 


quickly to strychnine than medium sized or large frogs. They were of 
the green and spotted varieties, for the most part freshly caught and 


kept for use in a tank of running water in a cool cellar, and only active 


and apparently healthy frogs were selected: The solution of stryclinine 
sulphate used in the first set of experiments contained “0648: mgr. 
(1/1000 of a grain) of the drug to 1 ¢.cm. of distilled water. An amount 
of this solution corresponding to the desired amount of the drug was 


1 Arnold. Hygen, xvt. 1. ; 
* Nothnagel and Rossbach. Nouv. et de Mat. Méd. et de Thér, Paris, 1880. 
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102 R. W. LOVETT. 
injected into the dorsal lymph sac by means of a small and very sharp 


hypodermic needle; the forefinger was held for an instant over the 


opening after the syringe was withdrawn and the frog placed under 
a bell-jar to await the coming on of the convulsions. The first 
spontaneous tetanic convulsion was selected as the indication of 
complete strychnine poisoning, as it seemed the one definite pheno- 


_ menon in the series of symptoms to fix upon. 


After injection the frog would hop about smartly for a minute sli 
his glass and then settle down quietly for a variable time. Then came 
a period of increased sensory and motor activity during which he.sat up 
very straight, held'his head up very high and looked interestedly about 
him. To this quickly succeeded a time of restlessness, and then he 
began to hop stiffly about, showing a tendency to tetanus when he tried 
to draw up his legs after each hop. At this time, and before: it, rattling 
the glass or touching the frog would cause a sharp sudden jump of this 
character. Finally in this condition he would give a sudden jump, often 
with a croak, and straighten out perfectly rigid and remain so. This 
was the sign adopted. 


By the injection of various amounts of the drug into frogs which | 


were afterward weighed Table I. was constructed. For instance, in 
Experiment 1, a frog weighing 18 grams received 1 c.cm. of the solution, 
which contained 0648 mgr. of the drug, and in 11 minutes he had 
spontaneous tetanus, that is for each gram of his weight he had 
convulsions in 87 minutes. It will be noticed that the time to con- 
vulsions for each gram of frog weight in any one dose vary a good deal 
more than one would expect, but the experiments stretched over several 
months and winter and summer frogs were used and the difference in 


- the vitality of the two kinds is well known. There was also a marked 


variation in the individual susceptibility of the frogs which was un- 


accountable. At first it seemed that green frogs reacted more quickly 


to the drug than spotted frogs, but an analysis of the two classes showed 


_ that there was no practical difference. 


Having then in Table I. established the time in which a frog 
weighing one gram would have had convulsions after the administration 
of each of the five doses of the drug varying from ‘0648—013 mgr. 
(1/1000—1/5000 of a grain) it was desired to represent the result 
graphically, which can be done by taking the abscissa to represent 
units of weight of the drug administered (hundredths of a milligram) 
and the ordinate to show the average time in minutes between 
administration and convulsions in a one gram frog. A working curve 
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made in this way is seen in Fig. 1 and for purposes of comparison the 
experiments of Falck falling within the s same dose limit are represented 


— 
in the same way although the latter curve is for the most part con- 
structed from only one experiment for each dose. The correspondence 
in a general way of the two curves can be seen, with the difference how- 
ever that Falck’s times are all longer and the whole curve conse- 
quently above mine. The probable error’ for each of the five doses has 
been calculated by Dr. J. W. Warren and its amount is represented 
by the length of the cross lines at the five points of observation. It 
is interesting to note how rapidly it increases with the diminution of 
the dose. The range of variation of the observations increases in 
the same way even more rapidly as the dose diminishes, but it hardly 
seems worth while to introduce it in the figure. 

The work of Falck? was rather directed to determining the smallest 
fatal dose of strychnine in different classes of animals, but he publishes 
a quantitative table for frogs which deals with rather larger amounts. 

It is given here for purposes of comparison. The method used was 
injection into the dorsal lymph-sac. | 


1 Boston Medical and Surgical Journal, oxt. 8, 169. 

Falck, Vierteljsch. f. ger. med., 1874, xx. 2. Cf. Pickford, Arch. f. Phys. Heilkunde 
3Jahrg. W. Arnold, Hygen, xvt. 1 (who did work in the same line without however con- 
sidering the question of relative dose at all). 
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STRYCHNINE POISONING. 105 
Dose of 
strychnine | Weight. 
injected into of Time to Time for each 
dorsal lymph} frog. tetanus. | gram of weight. 
sac. 
(mgr.) (grms.) 
5 22 3°5' 
5 22°5 3’ 
5 38 
5 2°h’ 
1 22 3°5’ 
l 27°5 2°56’ 
1 29°5 4°5’ 
l 39 2°5’ 
24 5:5’ 
“5 25 4’ 
5 29 5’ 
5 36 4’ 
26 15-5! 
27°5 16’ 
31 21°53’ 
05 31’ 
05 25 26’ 1:0’ | ave 
05 34°5 79 1-38" 
05 53 49’ 93’ 
04 17 29’ 1°8’ 
These experiments 
, 036 17 23 134 are the ones repre- 
sented in Fig. 1. 
03 16 31’ 1:9’ | 
02 31’ 2:4’ 
‘01 12 — no convulsions 
005 2 31’ 
and no smaller amount 
gave convulsions. 
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From his experiments Falck concluded that for aust kilogramme 
of frog weight 

(1) less than 0°5 mgr. of strychnine gives no scielons 

(2) less than 2 mgr. of strychnine is not fatal, 

(3) that 1 mgr. or more will give tetanus. 

Having then established a quantitative table by which to measure, 
within the above mentioned limits, the amount of strychnine adminis- 
tered, the second part of the investigation was taken up, namely, the 
relative amounts of strychnine absorbed by the cord, the blood, the 
liver, the muscle &c. A frog of medium or large size was chosen and 
a solution of strychnine sulphate containing from 6°48 mgr. to ‘0648 
mgr. was injected into the dorsal lymph sac, and either immediately 
after tetanus set in or a stated time after the injection the dorsal 


lymph sac was opened and the entire skin of the back was removed © 


so that the poison ‘might be thoroughly washed away before removing 
the cord. The base of the skull was then separated from the vertebral 
column and the cord removed in the usual way by cutting away the 
arches of the vertebrae with a fine pair of scissors. The abdomen was 
then opened and a small piece of the liver removed, and the muscle was 
taken from the thigh; all this was done as quickly as possible. If blood 
was used it was collected first by plunging scissors into the thorax and 
cutting the front of it open and the heart would then appear in the 
opening from which the blood was dropped into a watch-glass. The 
cord was next carefully weighed, and the same amount of liver, muscle 
and blood weighed out separately. Each of these was then rubbed up 
in a porcelain mortar until it was very finely subdivided, a cubic centi- 
meter of water, more or less, added, the pestle was washed off and the 
whole solution of each organ was drawn up into a hypodermic syringe 
with a fairly coarse needle. Each solution was injected into the dorsal 
lymph sac of a small frog The method of injection was the same as 
before except that to avoid leakage from the larger opening necessarily 
made by the needle, it was first plunged into the muscular substance 


‘ of the upper thigh, carried a short distance through it and then brought 


into the dorsal lymph sac, the muscle at once closed down on the with- 
drawal of the needle and closed the opening. Each frog was placed at 


once under a bell-glass, and the time noted when spontaneous convul- 


sions came on, he was then weighed and from Fig. 1 the amount of 
strychnine which he had received was easily obtained when it fell 
within the limits. Certain cases however fell outside the limits of my 
curve. It will be seen easily that when it took longer than 2°54 
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minutes to convulsions for each gram of frog weight I had no means of 
judging the amount of strychnine present except to say that it was less 
than my minimum quantity. I could however often compare the rela- 
tive amount received by two frogs when the quantity was fas too small 
to be measured by the table, by the amount of intoxication at a definite 
time after injection or by the occurrence of long delayed convulsions. 


TABLE II. 
The dose in each case was 6°48 mgr. of strychnine aint ualy, 
Cases where no tetanic convulsions occurred are marked with a star (*). 
In all other cases convulsions occurred. 
From experiments on Szeconp Frogs was determined the - 
WEIGHT OF STRYCHNINE IN EACH GRAM OF 


Wt. of 
No. of Time | Wt. of | each | Time to 


Spinal Other 
Liver. Muscle. 


: to frog. | 0 removal re) 8. 
Exp conv. of 
organs. : 
(grms.) | (grms.) (mgr.) (mgr.) (mgr.) (mgr.) 
ovary. 
1 2’ 60 | 0:04 13’ 1°52 0°325 0°377 Ino intox.* 
brain. 


2 | 8 | 100 |007 | 30° | O19 | <0-19 | <019 | <0-419 
| (0-39 +|(< 0-26 
3 | 2 | 46 | 20 | 19+] 


| <0-2* | <0-2* | <0-2* 
55 | 0-06 15’ | < 0-25* | < 0°25* | < 0:25* 
0 


"164 | < 0°14* | < 0°14* | < 0°14* 
2’ 41 |0055} 20° | <0-23 | <0-23*| < 0:23* 


5’ 45 | 0-07 5’ 0°186 0-19* | < 0:19* 0-463 


These experiments are given in Table II. To consider one experi- 
ment in detail: in experiment No. 1, a frog weighing 60 grams was 
given an injection containing 6:48 mgr. of strychnine sulphate into the 
lymph sac. In 2 minutes he had spontaneous tetanus and in 13 minutes 
from injection the organs were removed, ‘04 grams of each were taken 
and triturated as described above. The solution of spinal cord was then 
injected into a frog weighing 125 grams and in 9 minutes he had 
convulsions, that is, for each gram of his weight he had convulsions in 
0-7 minutes; a reference to Fig. 1 shows that this corresponds to an 
amount of the drug equal to ‘0608 mgr.; estimating the amount of 
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the drug present in each gram of cord, to bring it into a uniform scale, 
we find one fourth of ‘0608 present in each centigram which is ‘0152, or 
152 in each gram of cord. This last is the only figure given in the 
table in eagh case, as the introduction of all the figures would make it 
hopelessly complicated. In the same experiment a frog weighing 15 
grams received the solution of liver and had convulsions in 40 minutes, 
showing 0°325 mgr. of strychnine present in each gram of liver. The 
same process showed ‘377 mgr. present in each gram of muscle. 
Experiment 7 was thrown out on account of evident inaccuracy, as the 
muscle frog had evidently had strychnine not long before, although 
every precaution was taken to prevent using the same frogs twice. 
Experiment 5 was negative for some unknown reason, but with these 


_two exceptions the series shows very plainly that in a given time after 


the subcutaneous injection of strychnine and the occurrence of con- 
vulsions the spinal cord of the poisoned frog contains for each unit of 
weight much more strychnine than the same amount of liver, muscle, 


brain, or ovary contains. Table III. shows a series of experiments where 


the drug was administered by the stomach. A hypodermic syringe armed 


TABLE III. 


The dose in each case was 6°48 mgr. given by the stomach except in 
experiment 13, where it was twice that amount (12°48). 
Cases where no tetanic convulsions occurred are marked with a star (*). 
In all other cases convulsions occurred. 
From experiments on Second Froes was determined the 
WEIGHT OF STRYCHNINE IN EACH GRAM OF 


Wt. of 
EXP. | conv, used. of 
organs. 
__| (grms.) | (grms.) (mgr.) _(mgr.) | (mer) | (mer) 
10 3’ 39 |0055| 25’ | <0-23 | <0-23*| <0°23* 
| blood. 
1] 5’ | 665 0°08 20’ 1 | <0°16* | <0°16* | <= 0°16 
12 4’ 37. | 0°07 20’ 0308 | <0718 | < 0:18 0-728 
13 3’ 57 |0065| 30’ | <0-2 <0:2* | <02 <2 


with a blunt coarse needle was thrust down the cesophagus for an inch 
and the solution slowly injected. On withdrawing the needle the frog 
would swallow vigorously and take down what might remain in his 
throat. The experiments showed the same point as those in Table IIL, 
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except that iil administered by the stomach the poison worked more 
slowly. The cord then absorbs more strychnine relatively than the 
liver or the muscle, whether the drug enters by the digestive or by 
the lymphatic system. 

The next point to be determined was the relative amount. of 
strychnine contained in equal weights of the blood and the cord. Doses 
of three sizes were given, 6°48 mgr. (1/10 grain), 0°648 mgr. (1/100 
grain), and 00648 mgr (1/1000 grain) to see if the same relation would 
hold true for. large and for small doses. Theoretically it seemed as if 
when a small amount was administered the cord would be obliged to 
absorb nearly all of it in order to produce convulsions and therefore 


TABLE IV. 


Showing the relative amounts of strychnine in the blood and cord. 
Cases where no convulsions occurred are marked with a star (*). 
other cases convulsions were noted. 


WEIGHT oF STRYCHNINE 
IN EACH GRAM OF 


Tn all 


Time to 
Wt. Amount] 
No a conv. & 
* | Dose in | of of each 
of removal Cord. Blood. 
Exp. mgr. | frog. of used. 
organs. 
(gr-) (grms.){ (mgr.) | 
141648 |36] 4 |005 | 0-372 0-266 
15 |35] 3° |0035 | <0-4 1-4 
9/648 |45| 5° 10-07 0-26 0-46 
16 |648 | 40] 3 | 0:53 
17|648 | 38] 5 | <06-26*| <0-26* 
18 |0-648 |31-| 7° |0-055 | <0-23*| <0-23 
19 | 27| 7° |0-05 | <0-23*| <0-23* | But the blood 
20 10648 | 33] 4 1006 | <0-25*| < 0-25 wed mu 
21/0648 | 25| 4° |0-055 | <0-23"| <0-23 | than the cond 
22 0-0648 | 45 | 30’ |0-055 | <0-23 | <0-23 |The convulsions in the 
23 0-0648 | 45 | 15’ |0-06 0-45 | < 0°25 
24 |0-0648 | 34 | 35’ |0-09 | <0-14*| < 0-14*| The intoxication in the 
25 |0:0648 | 50 | 13’ [0-06 | <0-25 | <0-25*| cord frog came on more 
26 |0-:0648 | 26 | 23’ 10-05 <0-26 | <0-26%| 


Note, The reason that the minimum weight of strychnine in the blood 


and cord varies so much is of course because different weights of the organs 
were taken for use in the first place. 
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would be found to contain relatively more than the blood, whereas in 
large doses the cord would be saturated to the point of convulsion and 
the blood would still contain a large amount and probably relatively 
more than the cord, and Table IV. shows practically how. constant 
that relation is. 648 and 0648 mgr. are to be accounted large doses 
and 0:0648 mgr. a small dose, and it must be remembered that in using 
so small a dose as 0°0648 mgr. in the first frog the secondary frogs often 
had no convulsions at all and the relative amounts of strychnine present 
had to be determined in many cases by the degree of- intoxication 
present at the same time after injection. To make the Table simpler 
the weight of the blood and cord frogs and the times to convulsions in 
these frogs are omitted. With two exceptions, Experiment 14, and 
experiment 17 which was entirely negative, the series shows very clearly 
that at the time of the occurrence of convulsions with larger doses the 
blood contains much more strychnine than the cord relatively and that 
in small doses the reverse holds true. Experiments 11, 12, and 13 in 
Table ITI. show that the same holds true with — to large doses ad- 
ministered by the stomach. 

It may be noted here that doses of strychnine large enough to cause 
convulsions in frogs in one or two minutes kill them almost immediately _ 
often; and that after a more or less marked convulsion, sometimes after 
scarcely any convulsion at all, they lie limp and lifeless, a very different 
condition from the tetanic rigidity which follows smaller doses and 
persists for so longa time. 

Withoyt then attaching too absolute a value to the figures given 
above, it seems justifiable to state the conclusions as follows: 

First, the spinal cord has the power of selecting strychnine from the 
circulation and of storing it up in its structure, for at the occurrence of 
convulsions or a definite time after the ingestion of a certain amount of 
the drug the cord is found to contain relatively’more than the liver, 
the muscle, the brain, or the ovary. A moment's consideration will 
show that this is not due to the relative vascularity of these organs, 
for the liver contains relatively much more blood than any of the others 
of course. And secondly that at the time of convulsions the relative 
amount of strychnine in the blood and in the spinal cord vary altogether 
with the amount of the drug given to the frog. If it is a large dose, 
killing in 3°5 minutes, the blood contains overwhelmingly more, but 
if it is a small dose, causing convulsions in 15—30 minutes, a larger 
amount relatively is found in the cord than in the blood. It seems as 
if the amount of the drug necessarily present in the cord to produce 
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convulsions was more or less constant, be the dose large or small, while 
the surplus in the blood varied in proportion to the size of the dose 
administered. 

It is then possible to answer part of the question which was asked 
at starting. The spinal cord in cases of strychnine poisoning certainly 
contains more strychnine than the other organs; whether or no it is 
more susceptible to the drug than the other organs we have no means 
of ascertaining. 

The work has also a bearing in a medico-legal sense, inasmuch as it 
shows the storage power of the spinal cord and points to that as the | 
place in which to search best for the drug in cases of poisoning where 
the stomach contents are not available. In this respect it forms an ad- 
dition to the work of Professor Chittenden’ on the “Significance of 
the Absorption and Elimination of Poisons in medico-legal cases.” 


1 RH. Chittenden, Medico-legal Journal, 1884. 
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ON THE CIRCUMSTANCES WHICH MODIFY THE 
ACTION OF CAFFEINE AND THEINE UPON VOL- 
UNTARY MUSCLE. By T. LAUDER BRUNTON, M_D., 
F.R.S. anp J. THEODORE CASH, F.RS. 


THE action of caffeine upon voluntary muscle is a subject of egpecial 


interest, inasmuch as it affords a marked example of what is sometimes — 


brought as a reproach against pharmacological researches, namely, that 
different observers sometimes obtain totally different results in 
experiments with the same drug. At first sight this may appear 
to indicate that pharmacological experiments are apt to lead to no true 
and definite result, but this is not the case, for in almost all instances 


each observer sees a part of the truth, though perhaps not the 


whole truth, and as Claude Bernard wisely said “it is by investi- 
gating the exceptions to any rule, that we are most likely to arrive at 
the truth.” 

In the first experiments on the action of caffeine, it was observed 
to produce tetanus in frogs, but no particular attention was dirécted to 
the condition of the voluntary muscles, although in toads a peculiar 
stiffness was observed before the convulsions appeared. Voit was the 
first to notice this stiffness in the mus¢les resembling rigor, but he 
attributed this not to the direct action of caffeine upon the muscular 
substance, but to.a condition of edema brought about by dilation of the 
vessels, 

Binz’ attributed this effect to a tetanus induced by action of caffeine 
on the central nervous system. 

This rigor was again observed by Pratt, and also by Johannsen 
who was working under Schmiedeberg’s direction. Johannsen 
observed in the frogs with which he experimented, that the muscles 
became rigid at the place where the caffeine was injected, and this 
rigidity gradually extended to the rest of the body, but he failed to 
observe any tetanus. About three years afterwards Aubert arrived 
at results entirely opposed to those of Johannsen, finding that caffeine 


1 Archiv. f. Exp. Patholog, u. Pharmakol. Ba. 1x. s, 33. 
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in the frogs with which he experimented, produced marked tetanus but 
very slight rigor. 

These contradictory results induced Schmiedeberg’ again to take 
up the subject, and he found that the discrepancy between the 
statements of Johannsen and Aubert was to a great extent due to 
the kind of frog employed by each observer in his experiments, the 
former having used specimens of Rana temporaria and Aubert of 
Rana esculenta. According to Schmiedeberg in Rana temporaria 
caffeine produces muscular rigor without tetanus, the rigor beginning at 
the place where the poison is applied and extending over the body so 
gradually, that the muscles first attacked may be completely contracted 
and rigid, while others may be still slightly irritable. On the other 
hand, in Rana esculenta caffeine frequently produces a violent and 
continuous reflex tetanus, without any rigidity of muscle other than that 
dependent on the tetanic contraction. It is only at a late stage of the 
poisoning, two to three days after the caffeine has been given, that these 
differences between the two kinds of frogs become equalised, increased 
reflex action and even tetanic convulsions occurring in Rana esculenta, 
and distinct stiffness of the muscles becoming observable in Rana 
temporaria, although this stiffness never becomes so great as in Rana 
temporaria. | 

These experiments of Schmiedeberg’s seemed completely to have 
settled the question; more recent observations have shown that the 
problem is still but partially solved. _ | 

It seemed therefore advisable to us to take up again the action 
of caffeine upon muscle, and subject it to a further examination. In 
doing this we tried to keep before us the facts that the action which a 
substance is alleged to have upon a living organism may vary, 

(a) according to the nature of the drug, 

(b) according to the nature of the organism, 

(c) according to the conditions under which the experiments are 
made (temperature, duration of observation, dose, etc.). 

(a) The fact that drugs bearing the same name are not always the 
same in nature, is one cause of the discrepancies sometimes observed 
in pharmacological researches. Examples of this are afforded by the 
rarer alkaloids of opium, by the different alkaloids grouped together 
under the name of aconitine, and by such alkaloids as physostigmine 
and pilocarpine, which are frequently contaminated with the alkaloids 
having an antagonistic action, namely, calabarine and jaborine. 


Archiv. f. Exp, Patholog. u. Pharmakol. Bad, 11. 8. 62. 
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It has been usually assumed, since the alkaloids obtained from tea 
and coffee have been considered identical, that results obtained with 
one may be applied equally to the other. Recent researches of Dr Mays 
seem to render this doubtful, for he states that theine does not cause- ~~ 
muscular rigidity, even when a muscle is immersed in a solution of 
it, whilst caffeine does so. | 

We may so far forestall the results of our experiments as to state 


- that our experience does not entirely coincide with that of Dr Mays, 


but we have not been able to ascertain, whether the discrepancy 
between his results and ours is due to difference in the animals 
employed or to variations in the theine, for it is just possible that 
there may be differences in the nature and therefore of physiological 
action in the active principles obtained from different kinds of tea, 
or even from the same kind of tea by different methods of treatment. 

Filehne’ instituted a careful comparison of the action of xanthine, 
trimethyl-xanthine, (caffeine) and dimethyl-xanthine (theobromine), to- 
gether with other.related bodies in regard to their general action and 
their tendency to cause muscular ngor. He found that xanthine caused 
more marked paralysis of the cord and greater rigor than ieee oceanoal 

(b) According to the nature of the organism. 

The alterations in the effect of caffeine produced by differences 
in the species of frog employed in experiments, have already been 


‘mentioned. 


It is well known that variations exist not only in the reaction to 
drugs but in the irritability, strength, and electrical phenomena of frogs, 
belonging to the same species at different times of the year, and under 
varying conditions of nutrition, Thus Kobert? found that frogs were 
unaffected by a dose of caffeine (8 mg.) in November which in elruary 
and March always caused poisoning. 

The nutrition of animals, expecially as regards the quality and 
quantity of the inorganic constituents of the body, has been found by 
us to exercise a marked influence upon the effect of some poisons, such ~* 
as Barium. The advisability of examining the relative quickness with 
which rigor was produced in various muscles of the same frog suggested 
itself to us, as it appeared probable that we might find that the results 
might not be uniform. 

(c) Conditions of experimentation. 

Under this heaging we may include considerations of (a) dose, 

1 Archiv. f. Physiologie. 1886, p. 72. 
2 Kobert. Arch. fiir Exp. Patholog. u. Pharmacolog, xv. p. 63. 
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(8) temperature and (vy) mode of application of the drug, and (8) 
duration of the observation. 

(a) In regard to the action reer by varying quantities of a 
drug, we may refer to a paper on the modification in the action of aconite, 
ete. recently published by us’. 

(8) The modifying action of temperature has been largely dincteieil 
by Luchsinger and by ourselves. 

(y) The local or general application may influence the action of a 
drug. 

(5) The necessity of long-continued observation is clearly shown by 
Schmiedeberg’s discovery that it is only after the lapse of two . 
or three days subsequent to the poisoning by caffeine, that the 
- inequality of the symptoms in the two species of frogs becomes 
equalised. 

The Plan of Experiment we generally adopted was to isolate a 
muscle of a frog, (Rana temporaria) and to apply directly to it a solution 
of caffeine or theine of known strength. We employed muscle chambers 
which we have already described in a former paper’. 

As it was necessary in most of the experiments to contrast the 
condition of a poisoned muscle with an unpoisoned one, we employed 
‘two of these chambers, each having a capacity of 50 c.c. and each 
carefully fitted with a thread passing through the capillary tube at the 
bottom, so that only a few drops of the solution escaped in the course of 
many hours. A little mercury on the floor of the chamber still further 
hindered escape. The muscles in these chambers were in connection 
_ with levers of equal length, which magnified the actual shortening of 
the muscle ten or more times. Our recording cylinder, one of 
M. Verdin’s very accurately made pieces of apparatus, rotated once in 
twenty four hours, the actual movement being through 12 mm. in the 
hour. This slow rotation we found necessary, in order to register changes 
in the musclé which sometimes occurred many hours after the introduc- 
tion of the caffeine solution into the chamber. 

As we determined to use °7°/, salt solution as the solvent for 
caffeine, it seemed necessary in the first instance to make a few 
observations upon the effect of this alone, not only to ascertain whether 
the muscle passed of itself into a condition of rigor when suspended 
in this fluid, but also whether the normal salt solution might cause a 

St Barthol. Hosp. Reports, Vol. 


“The relation between chemical constitution and physiological action.” Phil. Trans. 
1. 1884, 
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condition of oedema, such as was regarded by Voit as being a probable 
cause of contraction and stiffness occurring in the muscles of frogs 
poisoned by caffeine. As we had previously exposed muscles to the 
action of the normal salt solution for many hours without seeing any 
fibrillation or apparent tendency to rigor, we began at once by leaving 
the gastrocnemii of frogs exposed in the manner we have indicated for 
twenty-four hours and longer, and we found that neither did they show 


any perceptible fibrillation, nor did any rigor causing contraction of the 


muscle usually result during this time. In most instances the muscles 
were found to be still irritable at the end of twenty-four hours, in a few 
cases all irritability had disappeared.. We have continued the experi- 
ment up to three and four days, when decomposition had developed itself, 
without meeting with any muscular shortening which would have been . 
indicated by the elevation of our levers. These levers exercised a traction 
of about 3 grms. upon the muscle when no additional burden was 
suspended. 

The coffeine we employed was obtained from Schuchardt in Gérlitz. 
The theine was a pure specimen from Messrs. Hopkins and Williams. 


Amount of caffeine producing rigor. 


We have stated that a solution of caffeine in salt solution was 
employed by us; in addition to this we added a small quantity of 
salicylate of sodium which greatly assists the solubility of caffeine. Our 
usual solution was constituted as follows:—-4 grm. caffeine, ‘2 grm. 
salicylate of sodium, 100c.c. ‘7 °/, salt solution. 

When the muscle had been introduced into the chamber, which had 
been previously thoroughly cleansed by distilled water and salt solution, 


a definite number of c.cs. of this strong caffeine solution was measured 


into a finely graduated 10 c.c. measure, the solutions and ‘the washings 
of the first measure transferred to a larger one, and diluted with salt 
solution up to 50 c.c. The whole of this fluid was transferred by means 
of the funnel and indiarubber connecting tube to the muscle cylinder, 
and a mark on the drum was made recording the time of the addition. 
In many experiments the muscle was immersed in salt solution for 
from 30 minutes to 4 hours before the introduction of the caffeine 
mixture. 

The second muscle chamber, the lever of which wrote from the same 
side exactly beneath the other, was filled in a similar manner with the 
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control fluid, and the experiment then went of itself for i 
hours or longer as was desired. 

Control experiments we made, convinced us that the quantity of 
salicylate of soda employed had no active part in promoting the 
occurrence of rigor. 

We will consider in the first instance the effect of dose both in 
the case of theine and caffeine. For purposes of comparison we have 
tabulated several experiments which yield information on this point. 
The length of time before contraction begins and the total amount of 
contraction, were used as the best means of estimating the effect of the 
drug upon the muscle. 

If this table be examined closely the fact becomes evident that the 
action is very irregular between similar muscles of different individuals 
for the same dose, and deviates though to a much smaller extent 
between companion muscles in the same animal. Even when the time 
of the commencement of the rigor is the same for the two muscles 
under examination, the speed at which the maximum contraction is 
reached, and its absolute altitude, may show considerable variation. 
Thus in experiment F, the rigor commences simultaneously, but its 
maximum is reached by one muscle 75’ before it is by the other, and its 
extent is 17 mm. greater on the curve (1'7 mm. actual measurement in 
the muscle) than it is in the case of its neighbour. 

Experiment G shows us that an amount of caffeine greater than was 
employed in experiment D may altogether fail to produce rigor, whilst 
in the latter a strong rigor commenced in four hours reached an altitude 
of 64 mm. (64) and was maintained during fourteen hours. — 

Again contrasting A and C, The same fact will be observed in the © 
case of theine, which in the former causes a marked rigor in 4 hrs. 
30 mins., whilst no effect is observed in the latter. 

That a small dose is not really more active than a larger one when 
companion muscles of the same animal are contrasted, is shown by a 
large number of experiments. It was invariably found that if two 
companion gastrocnemii were subjected to the action of solutions of 
caffeine, of different strength, that the greater effects in the way of rigor 
were always produced by the stronger solution. The gastrocnemius, 
again contrasting companion muscles, which began first to contract, 
almost invariably developed the greatest degree of contraction and 
attained it sooner than the other. 

The table we have given appears to show a somewhat greater 
activity of theine than of caffeine, but the variation in action between 
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the two is much less than the variation in the action of either substance 
upon frogs of the same species, selected at random at the same time of 
year. To demonstrate conclusively that a difference does exist, we must 
contrast this action upon companion muscles of the same animal be- 
tween which there are much smaller variations in reaction, On looking 


The 


inequalities in the horizontal lines are chiefly caused by the vibrations of the floor of the laboratory. 


Speed of drum (applicable to all curves) 12 mm, per hour, as indicated by marks on line below figure. 


Fie. 1. A. Action of theine on the curarised and non-curarised gastrocnemius of the frog. 
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; over a large number of experiments, we have found several in which a 
certain strength of theine solution produced a marked, though never a 
| very powerful rigor of the muscle, but in which the companion muscle 
having been subjected to the action of an exactly equal quantity of 
caffeine showed no rigor whatever. (It must be remembered that at 
present we are only contrasting the action of the two specimens of 

_ alkaloids obtained from the sources named.) 


‘Fro. 2, BL Action of caffeine on the gastrocnemius of the frog. Weight sus- 
pended 10 grammes in all. Lever multiplies 10 times. 
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lic. 3. H. Efffect of different doses of caffeine. The muscle piving the higher 
curve received ‘12 grm caffeine and the lower 08 caffeine. 


Effect of curare. 


In pegged frogs the iliac vessels on one side were ligatured, and 
small doses of curare injected into the dorsal lymph sac. After curari- 
sation. was more or less advanced, preparations were made of the 
curarised and non-curarised gastrocnemius respectively, and each was 
exposed to the action of an equal amount of caffeine. The results 
obtained were somewhat irregular. 

Incomplete curarisation seemed to have no effect in shortening or 


- lengthening the time at which rigor commenced, though in two instances 


the subsequent rigor attained its maximum later, and the contraction 
was greater than (A) in the other muscles. 

After complete curarisation ‘036 grammes theine in 100 cc. salt 
solution, the rigor of the curarised muscle commenced in 100 minutes, 
as contrasted with 3 hours 20 minutes for the non-curarised. The 
maximal shortening was more rapidly attained, and its extent was 
greater in the former instance than in the latter. 
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Contrast between various Muscles of the same frog. 


The muscles employed were the gastrocnemius, triceps, sartorius. 

We instituted these experiments, not only in order to test the effect 
of solutions applied locally to various muscles which might probably be 
differently affected by the immersion, aecording to the thickness of the 
investing fascia, etc., but also in order to obtain a contrast of the rigor 
curve furnished by them. 

With regard to the latter point, we found that the rigor of the 
triceps was rapidly developed, rose quickly to its maximum, and was 


_ both extensive and strongly maintained. 


The gastrocnemius showed (vide all the former axpotiinetite also) 

a slower development of rigor, and a relatively later maximal contrac- 

tion which was not so extensive as that of the triceps. It is worthy of 

remark, that on these points there is some correspondence between the 
simple contraction curve of these muscles and their rigor curves. 

A notch or depression indicating a pause in the development of rigor 
is not unfrequently seen in the case of the gastrocnemius, to one instance 
of this we have already called attention. 

The sartorius contracts rapidly when it begins to pass: into rigor, its 
maximum is soon attained, the maximal shortening which is never 
very great, even under the burden of the lever only (weight 3 grammes), 
persists for some hours, 6 to 8, and then relaxation commences. 

As regards the time of commencing rigor, we must refer to the 


- contrast notes of the experiments quoted which show that consitereble 


variation exists. 
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Effect of Acids and Alkalies, etc. on Caffeine Rigor. 


Many important investigations which have been made touching the 
changes produced in the irritability of striated and unstriated muscular 
fibre by acids and alkalis, suggested to us the importance of combining 
the caffeine solution with these antagonising agencies, in order that any 


modification of the rigor curve which they might produce could be 


examined, The results obtained were constant and striking. Lactic 
acid increases the rapidity of the production of rigor in weak caffeine © 
and theine solutions—not only in contrast with the normal muscle, but 
also when compared with a corresponding muscle suspended in a solu- 
tion of caffeine of the same strength but rendered alkaline by KHO. 
The amount of lactic acid employed was usually ‘01 (one centigramme) 
to the 50 c.c. of caffeine mixture admitted to contact with the muscle. 
We do not lose sight of the fact that not only do these solutions act 
specifically on the muscle itself, but they may act by combination with 
the ingredients of the caffeine solution, and also by so altering the fascial 
covering of the muscle as to render the action of the caffeine weaker or 
more energetic. 

The experiments necessary for the slocidadton of the questions 
under this heading may be divided into three series: 

(1) The action of lactic acid alone. Lactic solution (of the 
strength usually employed) contrasted with the action of a certain 
dose of caffeine or theine. 

(2) The action of lactic acid caffeine solution contrastod with caffeine 


solution. 


(8) The action of lactic acid caffeine solution contrasted with potash 
caffeine solution. 


M. 
Gastrocnemius of 01] Lacticacid(Puris.) | A faint indication of com- 
a healthy frog of in5Qc.c. salt solution | mencing contraction in 8 hrs. 
25 grammes. ‘7 per cent. 40 mins. Maximum attained 
| in 1 hr. 4mm, (+ 10). 
Companion. Theine -048. Rigor commenced in 5 hrs. 
Salicylate ofsoda‘015. Maximum 73 mm, (+ 10) 
Salt solution 50 c.c. attained in 10 hrs. and long 
Lactic acid maintained. 


It is evident in this case that though lactic acid applied in salt 
solution may show an increased tendency to cause rigor when compared 
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with the latter alone, yet the effect produced by such a dose as was 
administered is very slight and tardy in making its appearance. 
(2) Lactic acid theine solution contrasted with theine solution. 


Fic. 6. N. Effect of lactic acid on the action of theine. ‘The upper curve shows 4 
the action of theine together with lactic acid on the gastrocnemius of a frog. 4 
The lower shows the action of theine alone on the companion muscle. 


N. (Fig. 6). | 


Gastrocnemius of Immersed in theine After slight preliminary re- 
normal frog. solution, as in M, the _laxation rigor commenced in 
: same quantity of lac- $$ 3hrs. 10min. Attained its 

tic acid ‘01 being maximum of 20 mm. in 6 hrs. 


present. 40 min, and muscle remain- 
ing contracted to this extent 3 
for 24 hrs. 7 
Companion. Same theine solution No rigor whatever produced 
but no lactic acid in course of 24 hrs. 
added. 


The result of these two experiments is that lactic acid and theine 
together produce much greater contraction than lactic acid alone, and — 
more than theine, alone. 

(3) Lactic acid caffeine solution contrasted with potash caffeine 

solution. 

As we shall have to show presently that alkalies retard the caffeine 
effect, it is to be expected that between caffeine solutions containing : 
alkalies and acids a marked variation should occur, and this is in fact ¥ 
the case. The acid rigor is more rapid, it develops more and its t 
maximum is relatively greater. 


O. 
Gastrocnemius of 032 Theine. Rigor commences slowly in 
Rana temporaria, ‘015 Salicylate of soda. 9 hrs. its maximal being 


50 c.c. Salt solution. 6°5 mm. 
‘Ol KHO. 
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Companion Gas- Same theine solution § Rigor commences rapidly 3 
trocnemius. + ‘Ol lactic acid. hrs, 5 min., its maximal 
attained being 13°5 mm. 


The muscle exposed to the alkaline theine solution thus passed into a 
feeble rigor 6 hours after the acid muscle had begun to pass rapidly 
into a moderately firm one. 

Modification of the Caffeine rigor by potash : 


(1) Potash and salt solution as contrasted with salt solution. 


(3) ” ” ” ” lactic acid ” 
P. 


(1) With the quantities of potash employed -005 to -01 grm. per 50 c.c. 
no rigor was induced, and as the contrast muscle suspended in salt solution 
did not in the experiments made pass into rigor, we cannot say that the 
advent of rigor was actually delayed or prevented. 


(2) P | 
Gastrocnemius of 028 Theine. Rigor commenced in 13 hrs. 
frog of 30 grms. 017 Salicylate soda. Maximum 5 mm. (+ 10) 
(upper).  60c.e. Salt solution. attained in 2 hrs, 15 min. 

01 KHO. 
Companion muscle. Theine solution same, Rigor commenced in 9 hrs. 
to above (lower). but no potash. 40 mins, Maximum 55 mm. 

attained in 1 hr. 50 mins, 
Q. 

Gastrocnemius of 032 Caffeine. In course of 24 hrs. not the — 
small healthy frog. ‘02 Salicylate soda. least rigor produced. 

50 c.c, Salt solution. 

005 grm. KHO. 


Companion gastro. Same caffeine solution Shortening commenced in 7 


cnemius (lower). without potash. hrs. 15 mins., attained a 
maximum of 6 mm. 


3) For a consideration of this question we must refer to what has 


been already stated with regard to Lactic acid. 


Guanidine. 


As is well known from the researches of Gergens, Baumann’, 
Putzeys and Swaen’, guanidine causes active fibrillation, lasting for 


1 Pfliiger’s Archiv, xu., p. 205. ; 
2 Bull, de V Acad. Roy. d. Sciences, de Belgique, 1876, No. 4, p. 813. 


5 
x 
a 
ty 
4 
+ 
Ba 
2 
NG 
| 
| 
| 
| 
| 
k 
= 
Ww 
. 
4 
Af 
: 
aa 
of aa 
ig 
7 


130 1 LAUDER BRUNTON AND J. TH. CASH. 


a considerable time in curarised or uncurarised muscle exposed to its 
action. During this period of activity we have noticed that the muscle 
usually does. not relax fully under the ordinary weight (10 to 20 
grammes), with which it is burdened, but remains in a slightly shortened 
condition. The possibility of rigor being accelerated by this tendency 
to increased tonicity, or by the active exertion the muscle undergoes 
during its rapidly repeated spontaneous contractions, made it a matter 
of interest to determine what effect guanidine would have when em- 
ployed in conjunction with caffeine. ‘ 

We found that it did not produce rigor when applied in salt solution 
alone in doses of ‘005 per 50 c.c., which did not cause spontaneous 
contractions, or of 02 per 50 c.c., which caused contractions. Rigor 
caused by theine is apparently postponed for two hours by the addition 
of ‘05 guanidine. 

When we contrasted the effect of guanidine and of barium, which 
likewise causes spontaneous contraction, the interesting result appeared 
that the rigor of the former (succeeding a much larger amount of work 
and at the same time producing a feebler tonic contraction) is much 
later than that of the latter, when they are mixed with equal amounts 


of theine. 
The following experiment illustrates this point. 
R. 
Rana esculenta. 032 Theine. Shortening of muscle during 4 
Gastrocnemius ‘017 Salicylate soda. action (contractions which " 
muscle. 50 c.c. Salt solution. continue for 50 mins.) 13 mm. 
BaCl, -05. Rigor commences 7 hrs. 10 ; 


mins. Maximum 13 mm. 
(+ 10) well sustained. 


Companion muscle. Same theine solution. Shortening of muscle 6 mm. 
Guanidine ‘05. during spontaneous contrac- 
tion, which continues very 
actively for L hr. Rigor com- 
mences 15hr. 45 mins. Maxi- 
mum was 18 mm. when ex- ; 
iment terminated in 20 a 
rs. 45 mins. “4 


Chloride of Potassium and Chloride of Calcium. | 
‘The addition of a large dose ‘1 of these salts to theine solution, 


showed that the accompanying rigor of this substance was relatively 
accelerated by calcium salts. The muscle suspended in the theine 
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solution to which *1 of the chloride of calcium had been added, began 
to pass into rigor in 4 hrs, whilst the other to which ‘1 chloride of 
potassium had been added showed no sign of rigor till 8 hrs. 15 mins. 
The rigor in the cage of the calcium solution was much more rapid and 
extensive than in the other. 

One peculiarity which we have observed in the caffeine curve, or we 
must say more strictly in that of theine’, has interested us so much 
that, though we cannot as yet offer a full explanation of it, it seems to 
deserve special mention. It is the occurrence of a rhythmical contraction 
in the muscle exposed to the action of theine solutions of certain 
strength. This rhythm is so slow that unless we had employed an 
unusually slow rate of movement in our recording apparatus (one 
revolution of the cylinder in 24 hours) its occurrence would probably 
have escaped us entirely. 

The following points will serve to describe this phenomenon. 

(1) The rhythm is usually produced: by smaller doses of theine 
which do not cause a marked rigor. 

(2) It may however occur at the commencement of a pseudo-rigor 
or of a contraction which develops into a lasting rigor, or on the 
relaxation of a pseudo-rigor (see curve 9). 

(3) The rhythm is most rapid at the commencement of its occurrence 
and slower towards its termination. To this rule we have only seen 
three or four exceptions. , 

We have observed it as frequent as 20 relaxations and contractions 
in the hour, immediately after the application of. the theine solution. 

(4) The total extent of this contraction and relaxation is small. 
From valley to summit it seldom exceeds 2 mm. in all; the lever 
multiplying 10 times would reduce the actual movement therefore to 
one-fifth of a millimetre. 

(5) Whilst at first the contractions and relaxations have nearly 
equal time values, as the phenomenon progresses the relaxation becomes 
relatively more rapid and the contraction slower; the contraction (or we 
will call it the return to the previous length) occupying a longer propor- 
tion of time. The condition of normal contraction is preserved when 
the phenomenon has continued some hours, for it may be an hour or 


1 Since writing the above we have obtained the same or a very similar effect with a 
specimen of Xanthin (Schuchard) and a specimen of Caffeine from raw coffee beans kindly 
given to us by Dr B. Paul, and prepared by himself. Although this rhythm is character- 
istic of the action of the caffeine group we believe that we have produced it by other 
agencies. The results we obtained must furnish subject for another paper. 
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more ; then on this suddenly supervenes a moderately rapid extension, 
which is completed within 5 minutes; this in its turn is succeeded by a 
very short pause in extension, and contraction then follows. 

Whether this muscular rhythm is related to the slow contraction and 
relaxation lasting for thany days, which Prof. Brown-Séquard’ has 
observed in the muscle of the rabbit during cadaveric rigidity, we 
cannot positively state, there are however many features of difference 
between the phenomena. | 

(6) The duration of the phenomenon is sometimes very considerable, 
though at whatever time it manifests itself the phases are very closely 
similar in character. We have the greater rapidity of the alternating 
lengthenings and shortenings, in the first instance succeeded by great 
prolongation of the pauses in contraction terminated by a comparatively 
rapid extension. It is no unfrequent thing for the phenomenon to 
continue 16 hours, and we have on one occasion observed the final 
lengthening and contraction no less than 31 hours after the first made 
its appearance. 

(7) There was some variation with regard to the dose of theine 
necessary to provoke the occurrence of this phenomenon. 

(8) The experiments were necessarily conducted through the night 
as well as in the day, but we were unable to associate any high or 
particularly low temperature of the laboratory with the production of 
_ the rhythm. Some of the nights on which it was recorded were cold 
and frosty, others again mild, the temperature however never falls very 
low at night in the laboratory, owing to the heat remaining in steam 
pipes running in one of the walls of the room. 

We shall now describe three experiments in detail, and for the sake 
of convenience in the special description of these, we shall abandon the 
schedule form in which previous results have been given. 


Gig. 7). 


Companion gastrocnemii of a healthy frog of 21 grammes were taken. 
The animal had been obtained 10 days previously and kept five days in the 
laboratory before the experiment, To one muscle in the glass chamber 
was added the following solution :—-028 Theine, ‘014 Soda salicylate in 
50 c.c, normal (7) Salt solution. To the other ‘028 Caffeine, 014 Soda 
salicylate in 50 c.c. (7) Salt solution. 

We may dismiss the second experiment by saying that in the course of 


1 Comptes Rendus, Tome ct. and cv. 
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24 hours no rigor, rhythm or lengthening was observed, the result being 
purely negative. 


Fic. 7. 8. Bhythmical contractions of gastrocnemius muscle produced by theine. 
The curve has been divided into three pieces for convenience of printing. The 
marks + and }. show where the curves join each other. Weight of lever 3 grms. — 

With the former however the result was very different. Within 5 
minutes of applying the solution a contraction 2°5 mm. (lever multiplies — 
10 times) occurred, this was rapidly succeeded by a relaxation and then 
by a regular series of shortenings and relaxations. At the same time the 
basal line tended to fall with regard to the permanent abscisse. 

The speed of rhythm and the relationship to the basal line may be 
given in hours as follows : : 


0—1 hour 11°5 contractions and relaxations. 


1—2 hours 9 a - — 1 mm. below basal line. 
2—3 7 — mm. below. 
3—4 6 ” 2 9? 9? 
5—6 4 5 9 2 99 
7—8 3°5 175,, 
8—9 2°5 ” 15 
10-14 5 ” ” 25 ,, ” 
14-18 4°75 ” 4 ” 
18-21 3°5 45 ,, 


The day and night throughout which this experiment was in progress 
were cold but not frosty. 
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It will be observed that although the curve is entirely sub-abscissal 


there is at first a relaxation, then a distinct rise, and finally at the end of 
the record a more marked relaxation. In this instance then there is no 
evidence of positive shortening of the muscle and nothing approaching a 
condition of rigor. 


T. (Pig. 8). 
For the second experiment we have chosen a curve which illustrates a 
different rhythm and a slight permanent contraction of the muscle which 


Fria. 8. T. Comparative action of theine and ¢affeine. The curve has Seen 
divided into three parts for convenience of printing and the marks + and { in- 
dicate where the parts are continuous. The upper line in each is the caffeine 
curve and the jower the theine curve. 


was not seen in 8. The frog the muscles of which we pense was an 
animal of 20 grammes weight caught 10 days previously, and kept in the 
laboratory for some days. 

The solutions we employed were exactly similar to those used in experi- 
ment 8. The only result observed in the case of the muscle suspended 
in caffeine solution, was a very slight tonic contraction commencing 8 hours 
15 minutes after immersion, and amounting to 1:25. 

With the muscle suspended in theine the case was different, faint 
contractions and relaxations soon making their appearance after the ad- 
mission of the solution (containing °027 grm. theine) to the muscle chamber. 
As it occurred to us that tension exerted at the time when a contraction 


or shortening would follow in course might modify the rhythm, we kept — 


the lever steadily depressed for 2 minutes during such a time. On releasing 
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the lever it was found that the rhythm continued, though the muscle seemed 
to have extended itself slightly. 


After application of solution. Rhythmical contraction. Change of basal line. 


0—2 hours 6 0. Slight rise at first 

| reduced by mechani- 
cal extension. 

2—4 2 

4—6 ; 7°75 2°5 

3 

8—10 4°5 3 
10—12 3 2°75 
13—14 2°25. Contracted 3 

slightly and remained 
shortened. 


The third experiment (Fig. 9) which completes the number to which 
we must confine ourselves, has been already referred to as remarkable 


Fie. 9. U. Showing elongation of muscle with rhythmic contraction produced 
by theine. The straight line in the middle of the first curve indicates the position 
Of the lever with the muscle at its normal length. 
for the time of duration of the rhythm provoked by theine. It has 
further a very remarkable feature, namely the production of a rigor, 
or better, a pseudo-rigor lasting for some 2 hours, and then relaxing, a 
PH. IX, 10 
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very well marked rhythm marking its appearance during the relaxation 
and lasting in all for 31 hours, its. speed constantly declining after the 
manner already indicated. 

Immediately upon the introduction of the theine solution a marked 
elongation of the muscle occurred, so that the base line cuts the pseudo- 
rigor curve both at its commencement and at its relaxation, the rhythm 


- succeeding all occurs in a condition of extension of the muscle. 


An extension is usually caused by adding salt solution alone to a 

muscle suspended in a moist chamber. 
U. 

Small Rana temporaria of 17 grammes well nourished. Had been kept 
some days in the laboratory prior to the experiment. 

To one of the gastrocnemii was added 50 c.c. salt solution containing 
‘032 theine with soda salicylate, to the other an equal amount of caffeine. 
The muscle in the chamber containing the latter did not exhibit any rigor 
or rhythm during the 40 hours for which the experiment lasted. 

Immediately on applying the theine solution the lever descended for 
6 mm. (lever multiplies by 6). The relaxatitn remained for one hour, and 
was succeeded by a rise which attained its maximum 45 minutes after its 
commencement, its greatest altitude being ao mm. or 17 mm. above the 
original basal line. 

_ After the maintenance of the maximum for 30 minutes, relaxation 
commenced slowly, and at the end of the 4th hour from the commencement of 
the experiment, rhythm commenced. At the end of 5 hours 15 minutes the 
abscissee was cut by the descending lever which thereafter remained below it. 


‘Speed of Rhythm. | of Speed of Rhythm. 


ythm. 
0—2 hours 11 waves 16—18 hours 4 waves 
10°5 | 18—20 

4—6 8°5 20—22 4°5 

6—8 7 22—24 3 4-75 

8—10 7 24-26 3 
10—12 26—28 2 
12—14 5 | . 28-—30 
14—16 4°75 | 30 


The slight acceleration at the 20th to the 24th hours, is the ois instance 
to be observed in this experiment out of series in the uniform decline in 


the speed of rhythm. 

Although we have much enlarged the scope of this research by 
examining other specimens of caffeine as well as xanthine, alloxan etc., we 
think it advisable to publish the above notes—an abstract of which was 
read at a meeting of the Royal Society, March 29, 1887—and to reserve the 
further discussion of the subject to another paper. More especially as we 
have been already, for so long, obliged to postpone this communication. 
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ON THE ELECTRICAL ORGAN OF THE SKATE. By 
J. BURDON SANDERSON, F.RS. ann FRANCIS | 
GOTCH, Hon. M.A. Oxon, B.A., B.Sc. London. 


In July 1887 we availed ourselves of the facilities afforded us by the 
marine laboratory at St. Andrews, for the purpose of investigating the 
electrical organ which has been long known to exist in the tail of the 
common skate. We undertook the investigation in the belief that it 
would yield valuable additions to the information already acquired by 
the study of the electrical organ of torpedo at Arcachon, and would be 
helpful in further researches on the same subject. Before proceeding 
further we desire to express our obligation to the Scottish Fishery 
Board for the abundant supply of material placed at our disposal. We 
are no less indebted to Prof..McIntosh for his kindness in furnishing a 
room for our experiments, and affording us other facilities in the 
accomplishment of our purpose. 


Section I. STRUCTURE OF THE ELECTRICAL ORGAN. 


(1) Previous anatomical researches of Stark, Robin and Max 
Schultze. | 


The electrical organ of the skate was discovered by Dr Stark, who 
described it in the Proceedings of the Royal Society of Edinburgh in 
1844 as follows: “On removing the skin from the tail of a Flapper 
Skate’ an organ was discovered occupying the place of the lateral 
muscles, extending from near the base to the very tip of the tail,-and 
possessing all the anatomical characters of the electrical apparatus of 
fishes. It was about 14 inches in length, and about half an inch in 
diameter for nearly one half of its length ; was composed of columns or 
foursided membranous tubes about ;,th of an inch in diameter, divided 
by cross membranous septa into compartments varying from j;th to 


1 “On the existence of an electrical apparatus in the Flapper Skate and other Rays,” 
by James Stark, M.D. F.R.C.P. Edin. Proceedings R. S. Edin., vol. 11. no. 25. 
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ginth of an inch in diameter; these compartments were filled with a trans- 
parent gelatinous matter. The columns were so arranged as to form 
layers, which, on a transverse section, were seen to have a concentric 
arrangement, but on a longitudinal section were seen to form hollow cones 
placed one within the other. This arrangement allowed about 3ths of 
the wide extremity of every cone-shaped layer to come in contact with 
the skin.” “The author formed the conclusion that this was an elec- 
trical apparatus from...purely anatomical considerations, as he had not-an 
opportunity of ascertaining the occurrence of electrical discharges from 
the organ by an examination of living specimens,” He relates, however, 
in a paper published subsequently in the Annals of Natural History 
(Vol. xv. p. 121) that fishermen had told him that they had felt shocks 
in grasping the tails of large skates. 

The‘most complete existing account of the structure of the organ is 
that given by the late Prof. Ch. Robin. His first communication on 
the subject to the Academy of Sciences was made in 1846’, that is, two 
years after Dr Stark’s discovery. The second and more complete 
memoir appeared in 1865’. 

He describes the organ as consisting, in large skates (70 centims. 
wide), of a spindle-shaped structure 50 centims. in length, which is placed 
on either side of the vertebral column of the tail. It is grey in colour 
and semi-transparent, and is traversed transversely and longitudinally by 
septa, which divide it into compartments of which the form is that of a 
lozenge. The cephalic proximal end of each organ is sheathed in con- 
centric layers of muscle. By its median face it is in relation with the 


dorsal and ventral spinal muscles, but between these there is a space 


along which it touches the vertebral column (loc. cit. p. 509), and here 
the blood-vessels and nerves enter it. The rounded external part of the 
surface is subcutaneous. The blood supply (p. 527) of the organ is de- 
rived from the intervertebral branches of the caudal artery; the veins 
join corresponding branches of the subcaudal vein. The arteries find 
their way by means of longitudinal septa to the disks, to be immediately 
referred to. The nerves are derived partly from the anterior roots of the 
nearest spinal nerves, partly from the trunks of these nerves beyond the 
junction, and are distributed in a manner similar to the arteries until 


1 Ch. Robin. ‘Recherches sur un organe particulier qui se trouve chez les poigsons 
du genre des Raies,” Comptes Rendus, Vol. xx1. p, 821. 

2 “Mémoire sur la démonstration expérimentale de la production d’Electricité par 
un appareil propre aux poissons du genre des Raies,” par M. Charles Robin, Journal 
de V Anatomie et de la Physiologie, Vol. 1. 1865. 
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they approach the disks (p. 529), where their mode of termination will 
be described later. M. Robin’s description of the minute structure of 
the organ is as follows, He regards the disks already mentioned as its 
essential elements. These, which are polygonal in contour and about 3 
millims. wide, are separated from each other by the transverse septa 
(p. 514). The anterior surface of each of the disks is smooth, the pos- 
terior alveolated. They are arranged in piles (columns) which are — 
separated from one another by the longitudinal septa, and which vary 
in number according to the species of the animal (p. 515). The space 
between the alveolated surface of a disk and the smooth surface of the 
one behind it is entirely occupied by connective tissue containing and 
supporting blood-vessels and nerves, all of which go to form what M. 
Robin calls the ‘cloison.’ Each arteriole as it enters the cloison 
from the longitudinal septum divides into capillary branches, all of 
which tend forwards and terminate in loops which occupy the alveoli 
on the posterior face of each disk. The nerves, which enter the cloison 
in the same way as the arteries, at once separate from them by dividing 
into branches which tend backwards, to be distributed to the smooth 
surface of each disk. It thus appears that each disk receives its blood 
supply from behind; and its nerve supply from the front ; and the sepa- 
ration of nerves and blood-vessels is so complete, that while in the con- 
nective tissue filling the alveoli there are no nerves, in the rich plexus of 
nerves covering the anterior smooth surface there are nocapillaries(p.516). _ 
The substance of the disk is, according to Robin, not entered either 

by capillaries or nerves, and consequently their terminations never come 
nearer to each other than the distance between the deepest alveoli and 
the smooth anterior surface of the disk (4th mm.). The medullated 
nerves he describes as forming a plexus over the anterior surface of- the 
disks. Each medullated fibre ends by branching into 2, 3, or even 4 
filaments, and these again divide, at the same time losing their medullary 
sheaths, and finally their nucleated sheaths, after which they are con- 
tinued as axis cylinders. Many of these terminal branches are connected 
close to the surface of the disk with “nucleated multipolar cells of 
irregular form.” From these cells fibrils, to of a milli- 
meter in diameter, tend towards the surface of the disk, dividing 
repeatedly, so that in longitudinal sections of the organ these nervous 
terminations present an appearance described by Robin as resembling 
bunches of root-hairs (chevelu radiculaire extrémement riche). On 
arriving at the surface of the disk each fibre terminates in a pyramidal 
or conical body from four to five thousandths of a millimeter in length 
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(p. 530), the base of which is applied to the disk. The plexus of nerve 
with its terminations separates very easily from the disk, and presents in 
surface view a finely granulated appearance with minute perforations 
here and there, the granules representing the terminal pyramids. On 
focussing below the surface, the field appears to be beset with minute 
points, which are the optical sections of the terminal fibres. 
The description of which a summary has just been given we find 
to be correct as regards almost all the points to which it relates. The 
only statements which we are disposed to question are, first, the de- 
scription of compartments, which are not lozenge-shaped, but as a 
rule oblong and rectangular in section, and, second, those which relate 
to the multipolar cells in the nervous plexus and to the pyramidal 
bodies in which M. Robin believed that the nerve fibrils terminate. 
To these points we shall recur in giving an account of our own observa- 


_ tions upon the structure of the organ. 


The minute structure of the electrical organ 1 was investigated in Rava 
clavata, by Professor Max Schultze* in 1858. His attention was di- 
rected almost exclusively to the mode of termination of the nerves. He 
considers that the disk, the structure of which he minutely describes, 
owes its existence to a coalescence (Verschmeltzung) of the terminations 
of the nerves of which its intercellular substance is a direct continuation. 
He describes the nerve endings as constituting a fine network, which in 
the disk is transformed into a solid nervous mass, part of which can be 
split into lamine, the remainder consisting of finely granular substance 
enclosing nucleated cells. The chief foundation for this view of the 
morphological import of the disk seems to be a peculiar microchemical 
reaction, common to disk and nerves. Both are coloured red by sul- 
phuric acid and sugar. 

M. Robin’s experiments on the electrical properties of the organ are 
of importance only in so far as they afforded for the first time experi- 
mental proof that its function is in accordance with its structure. It 
had previously been designated by du Bois-Reymond’ as “pseudo- 
electrical,” but in consideration of Robin’s investigation he now proposes 
to distinguish it from the electric organs of Torpedo, Gymnotus, &c., by 
the term “incomplete” (unvollkommen). It is however difficult to see 
that the new word is better fitted than the old one to express its cha- 


1 MaxSchultze. “Zur Kenntniss des den electrischen Organen verwandten Schwanz- 
organes von Raja clavata.” Miiller’s Archiv, 1858, pp. 193—214, 
* Du Bois Reymond. Untersuchungen am Zitteraal, 1881, p. 68. 
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racter, for the organ though small is as perfect in structure and function 
as that of the Gymnotus or Torpedo. 
(2) Htstological observations made by the authors. 


The relations of the electrical organ to surrounding parts can be best 
understood from the engraving (Fig. 1), which represents in outline a 


Fie. 1. 


Transverse section of tail of large Skate (Raia batis) (actual size). sp. c. spinal canal; 
v. vascular canal containing caudal artery and vein; m. muscles; o. electrical organ. 


transverse section of the tail, where it occupies most space. It is seen 
that its surface is mapped out into polygonal areas by the cut edges of 
the longitudinal septa, and that these radiate more or less distinctly from 
the obtuse angle on the median side of the section, which corresponds 
to the line of attachment along which the vessels and nerves enter. It 
is also noticeable that the external areas are arranged concentrically 
round the central ones. 

In fig. 2 the engraver has given the general effect of a photograph of 
a longitudinal frontal section, as seen under the microscope with a low 
power, Itserves to shew that the organ consists of spindle-shaped tubes 
imperfectly divided into loculi placed one above the other, and each 
holding a disk, These tubes are so arranged that their axes are either 
parallel or very slightly diverge backwards. The disks are, so to speak, 
suspended by the connective tissue which supports the blood-vessels. As 
has already been stated, the arterioles follow in the first instance the 
longitudinal septa by which the tubes are separated from each other. 
From the septa terminal arterioles pass transversely, i.e. at right angles 
to the axis of each tube, into the spaces between each two adjoining 
disks, occupying a position about half way between their two opposed 
surfaces. The description of their distribution, which we have given 
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from M. Robin’s Memoir, need not be repeated. Both arteries and 
veins are accompanied by connective tissue, which in the horizontal part 
| Fie. 2. 


Longitudinal section of upper part of organ as seen under low power (Raia batis). 
The arrow indicates the direction of the shock. 


of their course is of sufficient strength to deserve the name of a lamina, 


although it is distinguished from the rest of the connective tissue which 
occupies the space between the disks merely by the closer arrangement 
of its fibres. | 

On the caudal side of each of these laminz of connective tissue and 
blood-vessels, and consequently between it and the disk behind it, there — 
exists a plexus of medullated nerves ; the relations and mode of termina- 
tion of which can be best seen in sections of the frozen, perfectly fresh 
organ, which after having been first placed in normal salt solution are 
treated on a slide with one per cent solution of warm osmic acid. 
In such sections what we propose to call the nervous lamina is seen 
to be attached to the nucleated membrane which covers the anterior 
surface of the disk by a well defined border. The terminal fibres 
which end abruptly at this border can usually be traced back to a 
bifurcation of the characteristic form shown, and the nerve fibre from 
which the two prongs spring to a medullated nerve in the plexus 
already referred to. We are not able to confirm M. Robin’s notion 
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as to the nervous nature of the branched (or multipolar) cells, 
which are in relation with the terminal ramifications of the nerves. 
Some of these cells unquestionably belong to the nucleated sheaths 
of the nerve fibres, others are probably céMnective tissue elements. 
As to the mode of ending of the ultimate fibrils we are uncertain. 
In sections of the organ hardened in chromic acid the border of the 
nervous lamina exhibits a beaded appearance of very great regularity, 
and it can be seen that each of these beads has a terminal fibril 
leading to it; but no such structure can be made out in osmic acid 
preparations. Whether this appearance means that the minute terminal 
fibrils end in the way described by-M. Robin, or give off even finer 
branches, we are unable to state. All that we have been able to 
observe with certainty is that they can be traced up to but not beyond 


Fie. 3. 


Medullated fibres of the plexus, 
Nervous 


Terminal ramification of non-me- 
dullated nerves, 


\ 
ey 


Nucleated lamina, 


Alveolated lamina, © 


Connective tissue. 


SS oe Transverse . At its junction with the 
Se longitudi septum a nerve is seen in 


| 
the surface of the disk, and that their direction is perpendicular to its 
surface. 

In order to make out the structure and relations of the disk it is 


in 
le Striated lamina, 4 
4 
j 
ig 
% 
. 


. 


144 ° J. BURDON SANDERSON AND F. GOTCH. 


necessary to have recourse to preparations made in various ways. The 


most instructive were obtained by embedding the organ in cacao butter, 
after prolonged hardening in alcohol or chromic acid, or by embedding 
in the usual way in paraffin and staining with logwood, or by placing 
fresh sections of the frozen organ into 2 per cent. solution of ammonium 
bichromate for some days and then staining them with picro carmine 
(which stains the disk) or logwood. The facts to be learned from such 
preparations are exhibited somewhat diagrammatically in Fig. 3. It 
is seen that the flat anterior surface of the disk is formed by a layer of 
semitransparent (cloudy) material, of even thickness (about 1/3 4), and 
beset at very regular intervals with flattened nuclei, each of which 
measures about 0°64. Underneath this structure the substance of the 
disk is made up of parallel lamin, which in section presents the 
striated appearance shown in the drawing. These striz are about 0°2y 
apart, and split readily into fine laminz, so that in section they present. 
the character of wavy fibres separated from each other by vacant spaces. 
The thickness of this layer, which we propose to call the striated lamina, 
is about 84. On its posterior aspect we again come to material of the 
same cloudy appearance as that which forms the nucleated layer of the 


- anterior surface, but here it stretches out into long projections, which, 


from the form presented by their longitudinal sections, might be sup- 
posed to be papille, but are seen on transverse section to be anastomosing 
ridges enclosing round or oval alveoli. As there is always a marginal 
ridge (seen in longitudinal sections at each end), the posterior surface 
may be described as presenting a number of pits separated from each 


other by ridges and surrounded by a marginal wall. As to the physio- 


logical meaning of the disk, and the two kinds of material of which it 
is composed, all that can be said is that it is a supporting structure for 
the end organ. The alveolated arrangement of its under surface might 
be explained as calculated to favour, blood supply by —— the 
largest possible surface. 

The morphological meaning of the structure described in the 
preceding paragraphs can only be understood by referring to its 
development, which has been lately made the subject of study by 
Prof. Ewart. It is sufficient to say, that although each disk occupies 
the place of an undivided muscular fibre, it belongs histologically to the 
nervous system, not to the muscular. It is, in short, sui generis, and 
cannot be identified with anything excepting the organs of similar 
function found in other fish. That in several important particulars it 
resembles a muscular nerve-ending or muscle-plate cannot be ques- 
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tioned. Just as the ramifications of the nerve terminate in the end 
plate without being part of it, so the myriad fibres of the nerve lamina 
end in the nucleated layer which in the adult organ but much more 
strikingly in earlier stages of its development, corresponds in structure 
with the granular nucleated substance. Physiologically the two corre- 
spond, for just as at the instant that a muscular nerve is excited the 
end-plates become positive to the nerve itself, so here excitation of 
an electrical organ determines an instantaneous change in the same 
direction at the surface-of: every disk. But these considerations do 
not afford sufficient ground for any conclusion as to the analogy 
between the “electrical plate” and the “motor end-plate.” On this 
point we would defer expressing an opinion until we have the oppor- 
tunity of acquiring more exact information than we as yet possess as to 
certain of the physiological relations of the former, and particularly the 
influence of curare, since it is well known that in the case of Torpedo’ 
the electrical organ is not affected by that poison, even though all the 
muscular nerve-endings are completely paralysed. 


Section II, ELECTRICAL PHENOMENA OF THE SHOCK. 


The shock can be best observed in the living skate by mechanical 
stimulation of the dorsal surface. The method of observation is as 
follows:—A board of the shape of a racket is prepared, and the skate 
secured, with its ventral surface applied to the board and its tail along 
the narrow handle. The board is plunged in a tub of sea-water so as to 
cover the body, leaving the tail exposed. The tail is connected with a 
galvanometer by two ordinary non-polarisable electrodes, from the kaolin 
pads of which cables of woollen thread soaked in sea-water are brought 
to the tail and loosely tied round it at positions which correspond to the 
ends of the organs. The galvanometric circuit includes a compensator, 
and is so connected with the galvanometer that 5, thy, or aba Of the 


current may be led through it. When the animal is at rest, and even 


when excited and struggling, the two electrodes remain (as will be more 
fully stated later) nearly equipotential. On rubbing or scratching the 
skin of the back with a glass rod a sudden galvanometric effect is pro- 
duced of such intensity that one-hundredth of the current is sufficient 
to throw the image off the scale. The discharge could not be evoked by 
electrical stimulation of the skin. 


1 Moreau, Annales des Sciences Naturelles (Zoologie), Vol. xvi, 1862. GortcH, Proc, 
of Physiological Society, 1888, No. 1. 
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Its direction indicates that at the moment of activity a current flows 
through the organ from its proximal (anterior) end to its distal (posterior), 
i.e. through the galvanometer from the distal to the proximal electrode. 
In the following pages this direction will be throughout de- 
noted by the sign + and referred to as NORMAL. 

M. Robin says quite correctly ‘le courant est constamment dirigé 
de Vextrémité céphalique vers Veatrémité caudale’.” The context, how- 
ever, creates some uncertainty as to his meaning and du Bois- 
Reymond?® assumes that he was mistaken; but whatever mistake was 
made was probably due merely to inaccuracy of description. 

The phenomenon may also be observed with the aid of the capillary 
electrometer. For this purpose the instrument was provided with a 
derivation circuit of high resistance (10,000 Ohms), so as to diminish the 
effect and bring it within the limits of observation. The instrument 
used in our observations was one made in the Laboratory by Mr Burch’ 
and combined sensitiveness with moderately quick reaction. The 
shock showed itself by a displacement of the column, which was at first 
very rapid, subsequently more gradual, and lasted for a second or two. 

The shock may also be heard by the telephone; the sound is single 
or repeated according as the skin is scratched once or continuously . 
rubbed. 


Section III. INDIRECT EXCITATION OF THE ELECTRICAL ORGAN 
THROUGH THE SPINAL CORD. 


In order to determine the time relation of the shock it was necessary — 
to use a suitable rheotome and to excite the organ through its nerve. 
In our first experiments we excited the spinal cord electrically in the 
dorsal region. 

The rheotome used was the same as is described in a Paper on the 
Electrical organ of Torpedo*. The instrument is a du Bois-Reymond’s 
spring myograph, modified so as to serve the required purpose. The 
principle of its construction is that a rapidly moving traveller opens in 
succession three keys, marked in the diagram (see Fig. 4, p. 151) as K 1, 
K 2 and K 3 of which the first is in the primary circuit of the induction — 


1 Loe. cit. p. 388. 2 

2 “Observations on Malapterurus,”’ Oxford, Biolog. Memoirs, 1. p. 390. 
® See ‘ Proc, of Physiol. Soc. 1887, No. 5;” Journal of Physiol. vol. vit. 
* Phil, Trans, Vol. 178, 1887, 8. p. 504. 
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apparatus, K 2 bridges or short circuits the galvanometer, and K 3 closes 
the same circuit. K 1 is fixed, K 2 and K 8 are moveable. The interval 
of time between the opening of K 2 and that of K 3 is identical with 
the period of closure of the galvanometer circuit. By adjusting the 
positions of these keys the duration of that period, and the time after 
excitation at which it begins, can be determined or varied. The 
following observations were made by this method on two skates (Raia 
clavata), of which Skate 1 measured 76 centims. by 60 centims.; Skate . 
2, 45 centims. by 30 centims. 

Each of the skates was fixed, and the leading-off electrodes were 
applied to the tail in the way already described. Needles, insulated, 
excepting at their points, were introduced into the cord in the dorsal 
region at about a centimetre distance from each other and were con- 
nected by fine wires to the secondary coil of the induction apparatus. A 
current of four Groves was used in the primary circuit. The distance of 
the secondary coil was 8 centims. The results are given in the follow- 
ing table. 


Time of closure of the Galvanometer circuit 
(K,—K)). 


Fraction of 

current led 

through 

Galvanometer. | 9-91—0-02" | 02—03” | 03—04" | -04—05” | -05—06" | 
Skate 1 whe 0 0 +5 | +40 | +105 | +230 
(repeated). Ys 0 0 +85 | +215 | +285) +400 
Skate 2 es 0 +25 | +405 | +off 

rhe +30 | +88 | +145 

repeated 0 0 | +290 | +550 
2 days later. ths +135 | +165 


The tange of the instrument made it impossible to employ it for the 
observation of periods beyond 0°07” after excitation. We however 
observed that in all the experiments when the galvanometer circuit was 
closed from 0°07” onwards the image was sent off the screen with ;4, of 
the current. The observations shewed that the effect begins three- 
hundredths of a second after excitation and thereafter increases in extent. 
For the purpose of determining the time at which the effect culminates, 
we first modified our instrument so as to extend its range, and found 
that it continued to increase up to 0'1”. We then had recourse to the 
electrometer, and with its aid compared the period before and after 0'1". 
In one experiment the excursion was about 100 scale before, 150 after, 

in another 87 before, 155 after. It thys appeared that a considerable 
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effect occurs later than one-tenth of a second after excitation of the cord. 
It was found that the results obtained by this method of experiment 
soon became uncertain, and eventually failed, although the fish seemed 


perfectly vigorous: but fish which were replaced in the tank and ob- 


served several days later gave the same results as before, From the 
consideration of facts to be detailed in the next section it appears to be 
clear that this failure cannot be attributed to exhaustion of the organ. 


Experiments on the separated Tail. 


These facts taken in connection with the long latency and late 
culmination of the effect led us to suspect that the process was due to 
excitation of central structures and not of merely conducting efferent 
channels. In the following experiment the tail was amputated at the 
root. The spinal cord was exposed and the needle electrodes were 
applied at the same distance as before, and the leading-off electrodes 
were in the same position. 


Minute RHEOTOME OBSERVATIONS OF THE FIRST TWO-HUNDREDTHS OF A SECOND AFTER 
EXCITATION. 


led through the 0—0°008" | 0-001” | 001-012” 012-014" | 014—016" | Ols--018”" | 
vanometer. 


all 0 +8 +30 +85 +132 +130 +130 


MoRE GENERAL OBSERVATIONS OF THE FIRST FIVE-HUNDREDTHS. 


‘O1-—02" | 02-025" | 025-03" | 03-035" | 035-04" | 04-045" | 045—05” 


+423 +390 +615 | +1750 +480 |morethan/ more than 
800 800 


4 


These results shew first that the effect began strongly at about a 
hundredth of a second after excitation, and secondly, that it had not yet 
culminated at the end of the fifth-hundredth. The spinal cord was 
now exposed and carefully divided with a sharp knife at two centims. 
from the proximal leading-off electrode, and excited as before, but 
between the section and the leading-off electrode. 

It is seen that after division of the cord near the organ the effect 
culminates before the end of the second hundredth, aud subsides in little 
more than four-hundredths. The contrast between this result and those 


Sa 
# 
i 
4 
5 4 
2 
2 
4 
4 
Fraction of current 
4 
ug 
| ; 
‘ 
7 
» 
He 
3 
mit 
| 
oR | 
: 
a 
4 


ELECTRICAL ORGAN OF SKATE. 149 


recorded before division of the spinal cord led to the conclusion that 
while the latter express a series of excitatory effects which follow each 


RHEOTOME OBSERVATIONS OF THE FIRST FIVE-HUNDREDTHS OF A SECOND AFTER EXCITATION. 
WHOLE CURRENT LED THROUGH GALVANOMETER. 


01—02” 02—"03” 03—04" | 04—'05" 


+405 + 428 +125 | +20 

005—01 01—015 015—*02 02—025 

+5 +125 | +290 | +284 | +138 


other in rapid succession, the former is due to a single indirect excita- 
tion of the organ, by the simultaneous excitation of a large number of 
efferent channels in the cord. 

_ From the anatomical relations of the organ it is obvious that it is not 
otherwise practicable to apply electrodes to its nerves. It is probable, 
however, that the result which would be thus obtained would be in- 
distinguishable from that of excitation of the part of the cord from 
which they spring. The following experiments confirm this conclu- 
sion :— 

Rheotome observation of amputated tail 17 centims. long, of large 
skate. Distance between leading-off electrodes 9 centims. Exciting 
electrodes 2 centims. from proximal. 


I, Fist TwWo-HUNDREDTHS OF A SECOND AFTER EXCITATION. WHOLE CURRENT 
LED THROUGH GALVANOMETER. 


"004— 006" | 006—008" | 008—01” | O1—012" | 012—V014" | 014—016" | 016—018" | 018—02’ 


0 0 +10 +75 | +146 +170 +170 +140 


II, F rest FIVE-HUNDREDTHS AFTER EXCITATION. WHOLE CURRENT LED 
THROUGH GALVANOMETER. 


0—01” 02—03” 03—04" | 04-05" 


+10 + 605 + 405 +130 +35 


Similar observation. Tail of very large skate (90 centims. x 60 
centims), Distance between leading-off contacts 10 centims. Exciting 
electrode as before. 
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I. Frmst Two-HUNDREDTHS OF A SECOND AFTER EXCITATION. WHOLE CURRENT LED 
THROUGH GALVANOMETER. 


006—008" | 008—01” | -o1—o12” | | O14—016*| | | 02—022" 


0 + 20 +85 +185 + 260 +260 | +3820 + 205 


Il. stX-HUNDREDTHS AFTER EXCITATION. ONE-TENTH OF CURRENT 
LED THROUGH GALVANOMETER. 


"03—-04” 04—05" 05—06" 


+187 +170 . +72 +40 +15 


Similar observation. Tail of a large skate. Contacts and excitation 
as before. | 


First FIVE-HUNDREDTHS OF A SECOND AFTER EXCITATION. WHOLE CURRENT 
LED THROUGH GALVANOMETER. 


005— 01” 01—‘02” 02—-03” 03—04” *04—"05” 


+10 +430 +240 +30 +10 


Observation repeated with induction shock in opposite direction. 


+12 +410 


+220 +45 +8 


The following observation was made with the electrometer, the 
instrument being provided as before with a derivation wire of high 
resistance (10,000 Ohms) connecting its terminals. The arrangement 
of the rheotome was the same as for observations with the galvanometer, 
with the exception that the wires in the third key, (K 3), were joined 
throughout. Consequently the electrometer was acted upon by the 
preparation, from the moment that the second key K 2, was opened. 


This is indicated in the heading of the table by the word ‘on.’ The 


numbers refer to the scale of the micrometer eye-piece. 


RHEOTOME OBSERVATION WITH ELECTROMETER. 


005’ on 01” on 015” on 02” on 026” on 03” on _ 085 on 
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Section IV. DrRECT EXCITATION OF THE SEPARATED ORGAN. 


Since the electrical organ contains nerves it might be assumed that 
it would be directly excitable ; and this expectation was strengthened 
by what had been observed in Torpedo and Malapterurus’. For observa- 
tions on this subject, the organ was separated by first stripping off the 
integument covering its external surface, freeing it from the muscles an 
tendons, and then dividing the blood-vessel and nerves which enter it 
along the line of attachment. As thus prepared it is a long, worm-like 
structure which can be easily placed in the moist chamber on the kaolin 
pads of the non-polarisable electrodes. The arrangement of the circuit 
is slightly altered, the secondary coil being introduced into the circuit 
of the galvanometer, and the induction shock thus led through the organ 
by the non-polarisable electrodes, as shewn in the diagram. By means 
of the reverser (R) the induction current can be led through the pre- 
paration in either direction. When it flows from the proximal to the 
distal electrode its direction coincides with that of the shock, and is 
therefore denoted by the sign (+), and in the opposite case by the sign 


(-). 


Fie, 4. 


Ki Ke Ks 
pie 


K,, K,, K, Keys of Rheotome; G. Galvanometer; S. Shunt; 0. Organ; R. Reverser. 


Rheotome observation of electrical organ about 13 centims. long. 
Distance of leading-off electrodes 10 centims., which were so placed as 


1 See Proceedings of the Royal Society, Vol. 43, p. 418 and Proceedings of the P spate 
logical Society, 1885, No. rv. appended to Journal of Physiology, Vol. v1. 
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not to include the part of the organ sheathed by muscle. Opening 
induction shock with 4 Groves in primary circuit of induction apparatus. 
One-tenth of current led through galvanometer.. 


_ Frest HUNDREDTH OF A SECOND AFTER EXCITATION. 


Direction of 
Induction shock 


0—002” 


“002—004” 


004—006” 


*006—008” 


“008— 01” 


(+) 


+445 
~ 450 


+40 


+135 
+140 


+110 


4110 


+93 
+92 


FIRST FOUR-HUNDREDTHS OF A SECOND AFLER EXCITATION. 


Direction of 
Induction shock 


005—01” 


01—015" 


*02-—025” 


"025— 03” 


08—035” 


+280 


+108 


+34 


+ 20 


+12 


if 
i 
i 


(+) +135 +8 


_ The observation shews that the passage of an induction shock along 

the organ in either direction is followed by an excitatory reaction, which 
culminates before the end of the first hundredth of a second. It is also 
seen by the comparison of the entries in the column headed ‘0—-002 that 
the galvanometric effect of the induction shock is not sensibly affected 
by its direction. 

In this preparation an attempt was made to estimate roughly the 
electromotive force of the shock. The current of a Callaud’s cell 
(a Daniell with substitution of zine sulphate for sulphuric acid) was led 
through the circuit, which included the organ and the galvanometer — 
with its shunt, for a period of two-thousandths of a second, measured by 
the rheotome. The deflection observed when one-tenth of the current 
passed through the galvanometer was 52 scale. With two Callaud’s cells 
it was 105 scale, with three 157 scale. As in the preceding experiment 
we obtained a deflection of 140 scale with the same period of closure 
and almost the same resistance, it may be assumed that the electro- 
motive force of the shock, for the length of organ used, viz. 10 centims, 
was nearly that of 3 Callaud’s cells. 

The absence of “ irreciprocity of conduction” indicated in the 
rheotome experiment given above is further illustrated in the following 
experiments, in which K 2 remained open, so that each galvanometer de- 
flection expressed the combined effect of the induction shock and of the 
excitatory reaction of the organ. 
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Separated organ of medium-sized skate, 6 centims. long. Distance 
of leading-off electrodes, 5 centims. 4 Groves in primary circuit of 


induction apparatus. Distance of secondary coil, 7 centims. 


Direction of 
Induction shock 


“0—"002” 


0— 006" | 0—008" | 0—010’ 0—02"” | 
(+) (s) +112 +100 +141 | +188 | +243 +325 
(+) ~112 65 22 -8 +30 +85 


Similar experiment. 


2 Groves. Distance of secondary coil, 6 centims. . . 


Distance of leading-off electrodes, 4} centims. 


(+) 


+230 


242 


+273 
(fs) +41 

~ 185 
(zs) 29 


+77 


+12 


+111 


+44 


+135 


+78 


+208 


+180 


j 


Same experiment repeated. Distance of secondary coil, 5 centims. _ 


+4385 
485 


+510 
365 


+ 650 
205 


Organ of large skate. Distance of leading-off electrodes, 10 centims. 
4 Groves. Distance of secondary coil, 6 centims. 


‘010—012" 012—014” 
(+) (2s) +445 +450 “580 | +685 | +750 +800 ($5) +100 
(—) 460 420 -265 | -150 | -62 | -jerk+30| (,3,)+15 


It is to be understood that the whole current passed through the 


by the fraction in brackets. 

From these experiments it is plainly seen that if the period of 
closure of the galvanometer is so short that it includes the induction 
shock without including any part of the effect due to the excitatory 
response of the organ, i.e. when it does not exceed two-thousandths of a 
second, then the deflections are as nearly as possible equal, and corre- 
spond in direction with the induction shocks. As the period of closure 


_galvanometer, excepting when the proportion led through is indicated — 
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is extended the deflection expresses the combined effect of the induction 
shock and of the response. When the direction of the induction current 
i3 the same as that of the shock, the deflection increases with the 


prolongation of the closure. When the induction current is in the 
opposite direction it diminishes as the closure is prolonged, and is_ 


eventually reversed. It is therefore evident that there is no “ irrecipro- 


cal conduction” although the combined galvanometric effects observed ; | f 
might be easily misunderstood as affording evidence of such irreciprocity. _ 
This subject, having been investigated by one of us in relation to Tor- 


pedo, in the organ of which irreciprocal conduction is believed to exist 
by Prof. du Bois-Reymond, need not be further discussed here’. _ 

In connection with the subject of direct excitation of the organ, it 
was ascertained that the excitatory state is not propagated. From the 
complete structural separation of the disks, and the fact that the nervous 
supply of each disk is independent, we should not expect it to be 
otherwise. 

The physiological proof is founded, first, on the comparison of the 
intra-polar and extra-polar regions in the separated organ ; and secondly, 
on experiments in which the shock is observed after division of the 
spinal cord opposite the middle of the organ. For the first of these 
purposes two pairs of leading-off electrodes are applied to the distal 
and proximal halves of the organ respectively, either of which can 
be connected with the galvanometer. The induction coil is so con- 
nected that the induction current always passes through the proximal 
pairs of electrodes and excites the proximal half, while the effect is 
observed alterrately in the proximal and distal half. The galvano- 
meter remains short-circuited until 0°01” after excitation so that the 
induction current is completely excluded. When the half through 
which the induction current flows is in circuit with the galvanometer, the 
usual large + effect is observed ; when the extra-polar half is in circuit 
there is a very slight — effect. In both cases the result is unaffected 
by reversal of the direction of the induction current, so that the small 
— effect above referred to would seem to be due to derivation from the 
excited region, 

The second proof consists in first dividing the cord as above men- 
tioned half-way down the tail, and leading off from the tail in the 
manner described in Section 1. The contacts having been placed on 
the proximal side of the section, the discharge was excited first reflexly 


1 Proceedings of the Royal Society, loc. cit, 
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by rubbing the skin, and then by electrical excitation of the spinal cord 
in the dorsal region. The usual large + effect was observed, both with 
the galvanometer and capillary electrometer, but on shifting the leading- 
off contacts to the distal half, the trace of a — deflection already referred 
to was observed with the galvanometer, and the electrometer shewed 
nothing. 

It is therefore certain that the excitatory effect is limited to disks 
of which the nerves are excited. 


Section V. THE ‘ORGAN CURRENT. 


It is well known that in Torpedo the skim covering the dorsal 
surface of the organ is in the entire fish usually positive to the ventral. 
This difference is however very slight and variable; it is called by 
du Bois-Reymond the “organ current.” A similar difference exists 
in the tail of the skate between parts of the surface which have a corre- 
sponding relation to the disks, i.e. between the proximal (cephalic) and 
distal (caudal) parts of the tail. In the tails of seven skates the 
. difference was balanced by lengths of compensator wire varying from 1 
to 2°2 centims., ie. 0:00083—0:0007 volt. In the detached organ, the 
difference was larger, viz. from 8 centims. to 34 centims., but in two out 
of eight instances it was in the reversed direction, probably in conse- 
quence of our having failed to free the organ from its muscular sheath. 
It is obvious that observations of this kind are unsatisfactory, through 
_ the effects due to the slight injuries which the organ sustains in prepara- 
tion, and which cannot be localised. 

In the electrical organ of Torpedo’ it was discovered that the slight 
electromotive activity of the organ when in situ is replaced by a large 
difference of potential between the opposite ends of the columns when 
these are cut out, and that this was due to the injury of the longitudi- 
nal surface which the columns thereby sustain—an injury of such a 
nature as to affect the disks contained in them. And it was further 
shewn that by thermal injury (momentary immersion in boiling 
water) of fresh preparations of the columns, a large “organ current” 
could be developed. In the separated organ of skate thermal injury of 
the surface produces a similar result, as is shewn by the following 
experiment. | 

The organ was prepared and cut into lengths of 1 centimeter. 


1 See Phil. Trans. loc. cit. pp. 494—503, 
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Five of these were examined by leading off from their ends. The distal 
was always positive, the difference being compensated by about 126 
millimeters of wire. Each bit was then immersed in hot saline solution 
for 2 seconds and replaced on the electrodes, The change is so abrupt 
and at first subsides so rapidly that the following artifice had to be 
employed to judge approximately of its extent, and even thus some five 
seconds elapsed before the first observation could be made. The 
slides of the compensator were previously placed at 100 centims., so that 
on closing the galvanometer an electromotive force of about 0°015 volt. 
was opposed to that of the organ. In this way it could be ascertained 


_ whether the effect at the moment that the organ after having been 


injured was replaced on the electrodes was greater or less than this 
amount. In two successful observations it was greater. In the other 


three it fell short of 100 centims., but exeeeded 80 centims. In 15 


seconds the difference had in each case fallen to 50 centims. 

The character of the whole effect is strikingly shewn when it is 
observed with the aid of the capillary electrometer. The distal half of — 
a separated organ 8 centims. in length was immersed in boiling salt 
solution for a second, and immediately connected by contacts at its ends 


with the terminals of the electrometer (of which the short-circuiting 


key was closed). On momentarily opening the key the mercury © 
column was shot out of the field, even when the lowest power was used 
in the microscope. The excursions became sufficiently small to be — 
measured at a minute after immersion. From this time onwards the 
observations were made at every ten seconds. The successive scale 
readings were as follows :—120, 80, 73, 67, 59, 55, 52, 49, 46, 43, 41, 
39. A minute later, 30; 2 minutes later, 23. Throughout, the direc- 
tion was +, ie. normal. The proximal half of the organ was then 
immersed, and observed in a similar manner. The scale readings at 
intervals of 10”, beginning from 1 minute after immersion, were 100, 75, 
60, 53, 47, 43, 42, 40, 37, 34, 33: one minute later, 23, the direction 
being the same as before. On then immersing the organ for 10 
seconds, its electromotive activity was annulled, the two ends being 
equipotential. The experiment shews that the direction of the effect is 
independent of the localisation of the injury, the action of which is not 
to determine a current to or from the injured part, but simply to 
awaken the normal activity of the electrical organ. 

In the detached organ the existing “organ current” can be 
increased or diminished by slight warming or cooling as, e.g. by 


approaching to any part of it a hot wire or a tube containing iced-water. 
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When the organ is placed on a warmed or cooled support similar effects 
are observed. Thus in an (injured) organ the “organ current” of which 
was compensated by 33 centims. of wire, the difference diminished in 2 
minutes to 17 centims., and rose on warming in one minute to 44 
- eentims., and a minute later to 52 centims. 


Section VI. THE AFTER-EFFECT. 


The passage of an external current through the organ in either 
direction produces, in addition to the excitatory reaction already 
described in section 3, and at a much later period, a prolonged effect of 
relatively small electromotive force and in the normal direction (+). 

In the preliminary investigation of this phenomenon the capillary 
electrometer again served us in good stead, It was necessary for the 
purpose to obtain first a short closure of the circuit at a period after the 
passage of the current corresponding to the time of prevalence of the 
excitatory response, and secondly a series of closures, each of one second 
duration, made by the hand at intervals of 10 seconds. The first of 
these objects was accomplished by allowing the third key of the 
rheotome to break the circuit of an improvised electromagnetic arrange- 
_ ment, by which the electrometer was again short-circuited. The electro- 
meter circuit was therefore acted upon by the preparation from the 
moment of the break of K 2 until so long a time after the break of K 3 
as was required by the electromagnet to accomplish its movement. 

Of these events the first occurred 6-thousandths of a second after 
the induction current, the second at 2-hundredths, but in consequence 


Readings of Seale of Electrometer. 
Direction of 
t 
an tance irst closure. 

. : Successive closures at intervals of ten seconds. 
Secondary coil. Excitatory 3 After-effect (+). 


response. 
cm, (+ +28 0 
6:0 cm. ( + + 33 %, 24, 17, 13, 12, 11, 10, 73, 64, 6, 5 
wo t=) + 32 4,12, 9, 73, 6, 5, 43, °4, 23, 2 
om, (+) + 28 0 
+27 0 
6°0 cm. (+ + 29 43, 27, 18, 15, 13, 11, 10, 9, 74, 7, 64 
- + 32 22, %, 7, 5, 4,34 
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of the loss of time in the working of the electromagnetic key the period 
of closure was approximately one-tenth of a second. 

The observation was made on a separately prepared organ, the 
distance between the leading-off contacts being six centims. An 
interval of 2 seconds intervened between the first closure which was 
made by the rheotome, and the second, which was made by the hand. 

In the table the sign ? means that the excursion was not read. It 
must be noted that no comparison can be made between the numbers 
in the second column and those in the third, the closing time for the 
former being 4”, for the latter 1”. 

The experiment teaches that although the strength of the induction 
current varied very considerably, that of the response, as judged of by 
its effect on the electrometer, scarcely differed. As regards the after- 
effect, it is shewn first that it followed the stronger but not the weaker 
current, secondly, that it declined at first rapidly, subsequently more 
slowly, and thirdly, that currents in the normal direction were more 
favourable to its production than those in the opposite direction. Each 
of these points was further investigated. 

For the purpose of observing the influence of strength of current, 
the electrometer was replaced by the galvanometer and K 2 placed at 
0:05”, so as to exclude the excitatory response, and the wires of K 3 
were joined. One-tenth of the current of the after-effect was led 
through the galvanometer circuit, which remained closed. Four Groves 
in primary circuit. 


Direction of ae Direction of 


Induction current Induction current : 


Secondary coil. After-effect. Secondary coil. 


11 om. (+) +10 7 cm. (+) 
10 cm. ( +) + 25 65 cm. (+) + 55, +265, +283 
+ 22 (-) +151, +136, + 167 
8 cm. (+). +40 60 cm.(+) | Offscreen. 
+ 40 ” ” 


Another experiment of the same kind gave similar results; with 


_the secondary coil at 6} centims., the +induction current was followed 


by a deflection of + 40 sc., while with the coil at 6 centims. the deflection 
was + 290 sc. 
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The influence of direction already seen in the results just stated 
becomes more and more obvious the stronger the current. Thus, with the 
secondary coil at 2 cm. the after-effect was so strong that in order to 
observe it only one-hundredth of the current could be led through the 
galvanometer. Under these conditions the+induction current was 
followed by a deflection of + 335,;;the—one by+130. Repetition of 
the experiment gave the same result. As regards the mode of decline 
of the after-effect the best information is obtained by repeated observa- 
tions with the electrometer, which for this purpose was short-circuited 
by K 2 up to 0°05” after the passage of the induction current. The 
position of the meniscus was read every 10 seconds. With 2 Groves 
in the primary circuit and the secondary coil at 3 cms. and the direction 
of the induction current + , the following results were obtained :— 


Electrometer readings of the after-effect made at intervals of ten seconds. 
The substitution of a dot for a number indicates that at the corresponding 


period no reading was taken. 


lst min. *2nd min. 8rd min. 4th min. 6th min. 6th min. 
90, 60, 47, 43, 39, 37 | 34, 32, 31, 80, 28,27 | 26,25,24.../..17...]...15.. 13. 
130, 70, 58, 60, 47,44 | 89, 85, 82,81... 


The numbers shew that the mode of decline of the after-effect resembles 
strikingly that of the effect of thermal injury. : 


From the observations made at Arcachon on Torpedo we anticipated 


that the excitatory response, if sufficiently intense, would be followed 
by an after-effect analogous to that which follows the passage of an 
induction current. As regards the separated organ it is obvious that 
the question could not be answered, for it is impossible to distinguish 
between the after-effect of the response to an induction current and 
that of the current itself which evokes it. We therefore sought for it 
as a consequence of the shock when this is produced either reflexly or 
by stimulation of the cord. For observing the after-effect of the reflex 
shock we found it best to use the galvanometer. The arrangement of 
the experiment was that described in Section I., without the rheotome. 
The shunt having been so arranged as to allow ;}4, of the current to 
pass through the galvanometer, a shock was evoked by rubbing the 
skin. The moment that the effect was seen, the galvanometer circuit 
was opened, and the plug of the shunt shifted so as to allow 7, of the 
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current to flow through the bobbins. As soon as the needle was.at zero, 
i.e. in 12”, the falling time of our instrument, the circuit was again 
closed, and the following readings taken of the position of the spot of 
light on the scale at intervals of 15 seconds. 


Observation 1. First minute, + 320, 275, 212; Second minute, 170, 140, 
114, 88; Third minute, 68, 63. 


Observation 2. First minute, + 490, 395, 320; Second minute, 275, 242, 
214, 190; Third minute, 175, 162, 157, 140. Fourth minute, 120. 


For the purpose of observing the after-effect, if any, following the 
response to excitation of the spinal cord in the immediate neighbourhood - 
of the organ (see Section IIL) it was necessary first to ascertain by 
rheotome observations that the response was a “single” one, i.e. that it 
lasted not more than about ,3,", and was not repeated. This haying 
been ascertained, a second experiment was made, in which the galvano- 
meter remained open until five seconds after excitation, care being of — 
course taken that any current existing in the circuit was previously com- 
pensated. The position of the spot of light was recorded, as before, every 
_ fifteen seconds. One-tenth of the current was led through the galvano- 
meter. The readings were as under :— 


EXPERIMENT 1. Response. 


0102" 0203" 0506” 
+ 187 +4170 “+72 + 40 


EXPERIMENT 2. After-effect. 
Five seconds after excitation +195 


Twenty +93 
Thirty-five +42 
Fifty +24 
Sixty-five +12 
Eighty ” ” 0 


It is to be noted that the effects recorded in the two tables are of 
a very different order. The numbers in the first experiment, in which 
the galvanometer was acted on for only ;4,", indicate an electromotive 
force about a thousand times as great as in those in the second, 

The reader who is acquainted with the so-called “positive polariza- 
tion” of du Bois-Reymond will see that the effect above described is 
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of a similar nature. But here, as in the electrical organ of Torpedo, its 
direction is always that of the normal electromotive activity of the organ, 
whatever be the direction of the current which gives rise to it. The 
term ‘polarisation’ is therefore not applicable to it. Its resemblance to 
the effect of injury indicates that they are both of the same nature. In 
the one as in the other case, we have to do with an increase of the 
normal activity of the organ, similar in quality, and therefore in direction, 
to that of the excitatory response, but much more prolonged and of an 
inferior order of intensity. 


Section VIL AFTER-EFFECT OF VOLTAIC CURRENTS LED THROUGH 
THE PREPARED ORGAN. 


In the preceding experiments (Section VI.) induction currents only 
were used, so as to avoid ordinary (physical) polarisation as much as 
possible. When battery currents are substituted these effects at once 
become obvious, and the more so the longer the time during which the 
current flows through the organ. 

When the current is of sufficient strength and of short duration, it 
is followed by a change which from its constant direction is evidently 
excitatory, and is either augmented or diminished, according to the 
direction of the polarismg current, by the effect due to ordinary 
polarisation. 

In making experiments for this purpose the most important 
requirement is a double key which is common to the galvanometer 
circuit and the polarising circuit, and of which the action is such that 
the opening of either circuit is immediately followed by the closure of 
the other. It was ascertained that even when strong currents were used 
there was no escape from the polarising to the galvanometer circuit; and 
secondly, that the time-interval between the opening of the polarising 
current and the closing of the galvanometer current was two-hundredths 
of a second; and finally, that when the key was smartly tapped, the 
duration of the polarising current was less than three-hundredths of a 
second, The experiments were so planned as to determine in a 
preliminary way the relative influence of. intensity and duration 
of the polarising current on the result. 

The arrangement of the circuit is shewn in Fig. 5. 

The organ used was obtained from a large skate (41 cm. x 33 cm). 
Two bridges of kaolin were stretched across the organ at a distance of 
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8 centims. Each bridge was connected at its ends with two non- 
polarisable electrodes, one belonging to the polarising circuit, the 
other to that of the galvanometer. The deflection which followed the 


Fre. 5. 


G. Galvanometer; C. Compensator; R, Reverser; S. Shunt. 


momentary closure of the polarising current was observed with each 
direction of that current, first, when the closure was as short as possible, 
i.e. 725”, and secondly, when, although still momentary, it lasted for a 
quarter of a second. Both of these closures were made by the hand, 
the duration of each being estimated from cia results of previous 
measurements with the chronograph. 7 


Number of | Direction of | Duration of ) 
8 polarising | closure of | Deflection. Remarks. 
Grove’s cells. | current. p. current, 
] + short 0 
+  Jonger — 95 Polarisation. 
1 - short 0 
1 ~ longer + 82 Polarisation. 
2 + short +38 Excitatory effect. 
2 + longer -172 Prevalence of polari- 
sation effect. 
2 - short + 50 Excitatory effect. 
2 - longer + 180 Sum of both effects. 
4 + short +180 Excitatory effect. 
4 + longer — 500 Prevalence of polari- 
sation effect. 
4 - short +175 Excitatory effect. 
4 - longer + over 600 | Sum of both effects. 
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After-effects of voltaic currents of different intensities and duration. 
One-tenth of the current was led through the galvanometer. 

In another preparation the excitatory (+) effect, was observed for 
some time without change in the strength of the polarising current, 
which was throughout that of 4 Grove’s cells. As between each 
observation it was necessary to wait until the effect had subsided, 
more than an hour was occupied in making 14 observations. As 
before one-tenth of the current flowed through the galvanometer. 


Direction of 
Duration of 
laris Deflection. Remarks 

+ short + 450 Excitatory effect. 
+ longer +170, do; diminished by polarisation. 

- short + 240 Excitatory effect. 
- longer + 300 do. augmented by polarisation. 

+ short +180 Excitatory effect. 
* longer +130 followed | do. diminished, and at the end 
by — 20 overbalanced by polarisation. 

short + 240 Excitatory effect. 
- longer +380 . do. augmented by polarisation. 

+ short +180 Excitatory effect. 
+ longer + 15 followed do. overbalanced at the end by 

by —75 larisation. 

short + 245 effect. 
= longer + 260 do, augmented by polarisation. 

+ short + 360 Excitatory effect. 
+ longer — 120 do. completely overbalanced 

by polarisation. 


The words “excitatory effect” in the fourth column must not be 
understood to mean that in the production of the deflections to which 
it related, polarisation took absolutely no part. By the designation 
“excitatory” we wish it to be understood that we regard the effect in 
question as of the same nature as that described in the preceding 
section; but we do not exclude the possibility that there may be a 
response which follows the break of the battery current, of a similar 
character to the “ excitatory response” described in Section IV. With 
the means at our disposal it was obviously impossible to ascertain 
whether any such response, Le. anything analogous to a “break exci- 
tation,” takes place. 

To sum up the results which have been given in the preceding 
paragraph. When a battery current of short duration is led through 
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the organ, mixed results present themselves. If the current is weak 
and of very short duration no effect follows. If its duration is a little 
longer the ordinary negative polarisation of Peltier presents itself. 
With a strongér current the after-effect and the polarisation effect 
sum algebraically, as may be learnt from the study of the after-effects 
of such currents when of different durations. Ifthe direction is “normal” 
the polarisation and excitatory effects are of opposite sign. If the direction 
is contrary to the normal they are of the same sign and strengthen each 
other. It is further seen that the prevalence of the polarisation effect 
increases as the preparation loses its freshness, a result which is of 
course due to the circumstance that while the polarising action of the 
current remains the same, its physiological, ie. excitatory action 
gradually diminishes. 


Conclusion. 


| 

1. In Rata Batis and clavata an electrical organ exists which corre- 
sponds in structure and function with other electrical organs in fishes. 
It possesses the’ fandamental endowment by which: electrical organs 
are distinguished from other electromotive and excitable structures, 
namely, that its electromotive elements are arranged in series after 
the manner of a voltaic pile, so that the effects of excitation increase 
proportionally to the number of elements in series which are brought 
into action. 

The maximum electromotive force of the shock, ie. the electro- 


motive force corresponding to 1 centim. length of organ, we have 


roughly estimated to be about half a volt. In Torpedo it is probably 
ten times as much. 

2. _ The natural discharge or shock of the electrical organ consists of 
a succession of electrical disturbances, in each of which the distal (caudal) 
end becomes positive to the proximal (cephalic) end. 

3. A similar discharge can be evoked by exciting the spinal cord 
by a single induction shock, provided that the part excited is at some 
distance from the organ. 

4. Similar excitation of the part of the cord from which the organ 
receives its nerves is followed at an interval of about a hundredth of a 
second by an “excitatory response” of extremely short. duration (two to 
three hundredths of a second); this effect,.of which the direction is always 


normal, must be regarded as analogous to the excitatory variation of 


tes 
+ 
2 
ig 
* 
| 
| 
ifs 
1 
7. 
4 
i 
3 
4 
4 
4 > 
| by 
| 
; 
| 
3 
+ 
+4 
ay 


ELECTRICAL ORGAN OF SKATE. 165 


a nerve when subjected to a single instantaneous excitation (as observed 
by the repeating rheotome)'’. 

5. The passage of an induction shock through the prepared organ 
is followed after an interval of about five-thousandths of a second by a 
similar “excitatory response,” the direction of which is always normal, 
whatever may be the direction of the exciting induction current. 
| 6. The excitatory state is not propagated in the electrical organ, 

but is limited to the part to which the excited nerves are distributed, 
whether the seat of excitation be the spinal cord or the organ itself. 

7. In the uninjured organ there may or may not be a difference 
of potential between the cutaneous surfaces covering the upper and 
lower ends of the organ respectively. If a difference exists it is usually 
in the normal direction, i.e. the distal end is positive to the proximal. 
In the prepared organ such a difference almost always exists, and this is 
suddenly augmented if present, or brought into existence if absent, by 
any injury of the surface of the organ, and more particularly by 
momentary exposure of it to a high temperature. The effect so 
produced rapidly subsides, but a residue of it remains, and may last for | 
some time. 

8. When the organ is divided transversely the eaaine end is not 
thereby rendered negative to the uninjured. 7 
9. When.an induction current of sufficient strength is led through 
the organ it produces in addition to the excitatory response, an after- 
effect which resembles, both in its constant normal direction and in its 
time relations, the effect produced by injury, but is of relatively small 
electromotive force. It is produced by currents in either direction, 
but is stronger when the direction of the induction current is 

normal. 

10. A similar excitatory after-effect accompanied by polarisation, 
follows the passage of a voltaic current of sufficient strength and 
suitable duration. 

1l. A similar after-effect follows the natural shock as well as the 
“excitatory response.” We understand this to mean that just as by 
the action of an external current the organ is brought into a state 
of sub-excitation, manifesting itself in a temporary increase of the 
normal difference of potential between its ends, so the current of the 
shock or of the excitatory response produces a similar sub-excitation. 

The reader who happens to be acquainted with the Arcachon 


1 See Head, ‘Ueber die negativen u. Positiven Schwankungen des Nervenstromes.” 
Pfliger’s Archiv, Vol. xu. p. 207, 
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observations will see how completely all these facts tally with those 
observed in Torpedo. There, as in the skate, we have a normal dis- 
charge of central origin; an “excitatory response” due to excitation 
of the nerves of the electrical organ; an “organ-current” capable of 
being brought into existence or augmented by injury of the surface; after- 
effects, physiological or merely physical, i.e. due to polarisation; and 
finally all physiological electromotive effects, whether they come under 


the designation of shock, of excitatory response, of organ current or of 


after-effect, in one and the same normal direction. 

The following work remains to be done,— 

The investigation of the centres by which the action of the electrical 
organ is controlled; a measurement of the electromotive force of the 
shock ; the study of the influence of temperature on the time relations 
of the response ; and of the relation of curare and other nerve-poisons to 
the physiological activity of the organ. These subjects we hope to be 
able to deal with in a second paper. 
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ON THE RHYTHM OF THE MAMMALIAN HEART. 
By JOHN A. McWILLIAM, M._D., Professor of the Institute 
of Medicine in the University of Aberdeen. (Plates IIL IV.) 


(From the Physiological Laboratory of the University of Aberdeen.) 


THE following investigation was conducted on the hearts of various 
mammals—cats, dogs, rabbits, hedgehogs, guinea-pigs, and rats. The 
cat was the animal usually employed, and the statements contained in 
this paper are all to be regarded as applicable to the heart of that 
animal, unless where otherwise specified. __ 

The experiments were performed (1) partly on the excised heart— 
sometimes with an artificial circulation kept up, and sometimes not— 
and (2) partly on the heart in situ. In the latter case, the animal was 
anesthetized (usually with chloroform) and secured on a Ozermak’s 
holder, means being taken to maintain the temperature as far as_— 
possible. Artificial respiration was employed and the chest was laid 
- open; in some cases the pericardial sac was left intact, but in most of 
my experiments it was opened and the heart fully exposed. 

In some eases direct observation of the organ was kept up during 
the entire experiment; in many instances the action was graphically 
recorded in addition to frequent direct observation of the heart. 

Various arrangements were employed for registering the contractions 
of the auricles and ventricles. The auricular action was usually 
recorded by connecting one of the appendices by means of a thread with 
(1) a horizontal lever suspended by an elastic band and writing directly 
on a revolving cylinder or (2) with a receiving tambour which again 
communicated with a recording tambour. 

The ventricular beats were recorded in a variety of ways, most | 
commonly by one or other of the following— 

(1) A light lever resting on the ventral surface of the ventricles and 
marking upon a smoked drum. 

The ventricles rested on a boat-shaped plate of vulcanite, which was 
slipped underneath them and rigidly held in position. 

(2) A float resting upon ‘the ventricular surface and communi- 
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cating with a receiving tambour, a recording tambour being attached © 
in the usual fashion. 

The ventricles rested on a support similar to that just mentioned. 

(3) An instrument on the principle of Marey’s pince cardiographi- 
que. The movements were transmitted from the pince by a system of | 
I. SOME FEATURES IN THE BEHAVIOUR OF. THE MAMMALIAN CARDIAC 

MUSCLE UNDER THE INFLUENCE OF DIRECT EXCITATION.” 
On the effects of direct stimulations of different strengths. 

A conspicuous feature in the behaviour of the cardiac muscle of 
cold-blooded animals under the influence of single stimuli is the fact that 
minimal stimulation is at the same time maximal. The contraction 
excited by a strong induction shock is no larger than one excited by a 
weak induction shock of strength just sufficient to act as a stimulus; 
whatever be the strength of the excitation applied, provided it is strong 
enough to cause contraction at all, the response is always maximal . 
(Bowditch, Von Basch, Kronecker and Stirling).: This law seems 
also to hold in the case of single stimuli, other than electrical (eg. 
mechanical or thermal stimuli); it constitutes a fundamental point of 
difference. between the bolin eiour of ‘the cardiac muscle and that of 
voluntary musele. _ 

As the result of a large numbet of experiments on vate mammalian 
heart I find that the same law holds good. 
_ My experiments bearing on this point were ‘conducted | 

(1)-On. the excised heart which had just: become quienent. A 
regular series of induction shocks (every half second, second, or two 
seconds) was applied. The contractions were recorded by a light lever 
on the ventricles. 

(2). On. intact hearts in situ, brought to a standstill by vagus 
timation, 

(8). On slowly beating intact hearts i in situ ; the slow action tedulté 
ing from cooling of the animal &c. 

In the first series of experiments—on excised hearts the tetloles 
of which had ceased to beat spontaneously but were still quite excitable 
to direct stimulation, I registered the ventricular contraction by means 
of a light recording lever resting on the anterior surface of the ventricles. 
Single induction shocks were sent in at regular intervals so as to excite 
the quiescent muscle; weak and strong shocks were alternately used. 
The strong ‘shocks were obtained with the secondary coil of a-Du Bois 
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induction machine at 0, a Daniell’s cell being employed in the primary 
circuit. The weak shocks were usually of such a strength as was just 
sufficient to excite contraction; the secondary coil often — at 
10—14 cm. 

The tracings obtained show that the strength of the beats occurring in 
response to a series of alternately weak and strong shocks is entirely’ 
independent of the strength of stimulus applied. The contractions 
excited by the weak shocks are quite as strong as those following the 
application of the strong shocks; any variations in strength seem 
to depend on other causes. 

‘Minimal stimulation is evidently at same time maximal. 
(See Pl. IIL. Fig. 1.) 

_ In the second series of experiments, the heait 1 was scandals in situ 
with the normal circulation going on. 

_A pair of small electrodes were fixed in contact with the shite 
apex, and through these a regular automatic series of induction shocks 
at the rate of two per second could be sent. By means of a reverser it 
was easy to use minimal or maximal shocks as desired. 2 

The right vagus nerve was then stimulated in the neck. When the 
heart had been inhibited and reduced to a state of quiescence, a couple 
of minimal shocks were applied to the ventricles, then a couple of 
maximal shocks, then minimal ones again and 80 on, weak and strong 
shocks in alternating pairs. 

The results obtained are quite deciaive of the point in eles: the 
tracings show plainly that the strength of contraction does not depend 
on the strength of the exciting shock; the beats occurring in response 
to the weak shocks are as strong as those caused by the strong anne. 
(Pl. IIT. Figs. 2, 3,and 4.) 

As regards the absolute strength of beat occurring in response to 
direct stimuli there is a wide range of variation when the heart is 
examined in inhibited conditions, but when the organ is not 
markedly under inhibitory influence, as in the third series of experiments, 
some definite and constant results can be obtained. 7 a. 

The absolute strength of contraction occurring in response to a 
stimulation is largely influenced by the. length of time that has elapsed 
since ‘the preceding contraction—by the degree in which the tissue has 
recovered from the effects of the preceding beat. Each beat has an 
exhausting effect and if another beat is forced prematurely, Le. artificially 
excited before the cardiac tissue has fully recovered, the beat so forced 
is a weak one; its precise strength varies (in the absence of disturbing 
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causes) according to the stage at which the process of reparation has 
arrived (Pl. III. Fig. 5). Caeteris paribus, the strength of contraction 
manifestly depends up to a certain point on.the-time that elapses 
between the forced beat and the preceding one; of course when a 
length of time sufficient to allow of complete recovery has intervened, 


“the beat will be a maximal one; no further increase in force will result 


from a further prolongation. The exact period required for complete 
reparation between the contractions and consequently for the exhibition 

of maximal beats naturally varies in different conditions of the cardiac 
tissue, 

The great difference between minimal and maximal excitation is 
that maximal stimuli can “force” a beat when minimal stimuli are 
quite unable to doso. The tendency of the cardiac muscle to contract in 
response to artificial excitation undergoes a regular and periodic 
variation with each cardiac cycle. Immediately after an effective 
stimulation, there occurs the “refractory period.” When a systole 


has occurred, when the cardiac muscle haying contracted to its full 


extent has begun to relax visibly, it is usually capable of discharging 
a second beat, but only in response to strong excitation; minimal — 
stimuli are quite ineffective. The later the stimulation comes after 
the summit of the contraction, ie. the more the muscle is allowed 
to relax, the more responsive does the tissue show itself to direct 


excitation; the less is the strength of stimulus necessary to “force” a 


beat. The energy of the contraction rises at the same time. Moreover, 
for a certain time after the process of relaxation is completed and the 
pause has begun there can often be seen to be a continued rise 
in the cardiac excitability; the result of stimulation varies in some 
measure according to the precise time at which it is applied. | 

Hence it is obvious that there occurs a rhythmic rise and fall in the 
excitability of the heart; a fall immediately succeeding the occurrence 
of an effective stimulation, followed by.a gradual rise extending through 
the phase of active relaxation and to a variable extent into the phase of 
quiescence. This rhythmic rise and fall affects the cardiac excitability 
both as regards— - 

(a) the force of contraction, and 

(6) the facility with which a contraction may be elicited, as 
measured by the strength of stimulus required to induce a beat. 

The tehaviour of the mammalian heart in these respects is very 

similar to what has been described by er and others in the case of 
the frog’s heart. 
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Relation of rate of spontaneous rhythm to force of individual — 
| ventricular beats. 


_ My observations on the action of the mammalian heart as seen 
after the thorax has been opened lead me to conclude, that, in such 
circumstances at least, the rate of beat is usually too quick to allow of 
the exhibition of systoles of the highest possible strength. The intervals 
between the beats are so short that one contraction occurs before 
complete reparation from the effects of the preceding beat has had time 
to occur; the interval is not long enough to permit of a full accumulation 
of energy in the contractile mechanism. Hence a simple slowing of the 
rate (unaccompanied by any force-depressing influence) causes an increase 
in the strength of the individual beats. Such an augmentation of force 
may be seen when a “compensatory pause” occurs in sequence to a 
phase of artificially excited acceleration of the cardiac rhythm. The 
beat coming immediately after the elongated interval called the “co.n- 
pensatory pause ” is usually much enlarged. (PI. III. Fig. 6.) 

Certain forms of vagus influence also can induce a slowing of the 
cardiac rhythm without exerting any perceptible influence of a direct 
character upon the ventricles. Such a slowing of the heart's rate is 
accompanied by a marked increase in the size of the individual 
ventricular beats. 

Of course it may be suggested that the increased distension of the 
cavities of the heart at the beginning of each beat during a period of 
slowed rhythm might directly determine an increase in the strength of 
the ventricular beats. But such a hypothesis would not fully meet the 
case, as the increase in contraction force during simple slowing occurs 
even when the superior and inferior ven cave have been clamped, and 
the cavities of the heart have ceased to be distended with blood. 

On the other hand a simple increase in the cardiac rhythm usually | 
causes a marked diminution in the size of the individual beats. (See — 
Fig 5, Pl. IIL.) The time available for reparation between the con- 
tractions is curtailed; there is less energy available for each individual 
discharge. In this way an extreme reduction in the beats of both 
auricles and ventricles may be readily brought about. The acceleration 
necessary to lead to this result is easily caused by the application of any 
stimulating influence to the pulsating terminations of the great veins, 
e.g. heat, faradic or galvanic currents (Fig. 6, Pl. III. and Fig. 9, Pl. IV.). 
Atropin may be administered to eliminate inhibitory influences. 
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The great weakening of the individual beats that accompanies a 
simple acceleration of rhythm is not due to the fact that less time is 
available for the filling and distension of the cardiac chambers between 
the systoles; a great depression force still presents itself as an imme- 
_ diate accompaniment. of acceleration when the great veins — mato 

the auricle’ have been clamped. 


Influence of galvanic current. 


The passage of a galvanic current of suitable any 
rhythmically contracting portion of the cardiaé tissue usually causes an 
acceleration in the rate’ of beat; the degree of acceleration varies 
according to the excitability of the tissue and the strength of current 
employed. (A current of too great intensity leads to the occurrence of 
fibrillar contraction when applied to excitable ventricles.) This influence 
of galvanic currents may be readily observed either in the intact heart, 
in the-excised organ, or in the isolated apical portion of the ventricles. 

Upon quiescent cardiac tissue galvanic currents also act with 
considerable effect; they can excite a rhythmic series of beats. This 
influence may be conveniently studied on the ventricles of a heart which 
has been inhibited by vagus stimulation, or on the ventricles of an excised 
heart, or on the amputated ventricle apex. In all cases a periodic series 
of contractions at a greater or less rapidity can be observed; a result 
that recalls the similar influence of galvanic currents upon the isolated 
apex of the frog’s heart. 


Influence of weak current. 


Weak faradic currents induce effects similar to those of galvanic 
currents in (1) causing an acceleration of the rate of beat in a heart 
already contracting rhythmically, and in (2) leading to the appearance 
of a periodic series of beats in quiescent but excitable tissues. 
Comparative effects of slowly-interrupted and rapidly-interrupted currents. 

Some years ago I found that in the hearts of the eel, tortoise, and 
other cold-blooded animals, especially when the heart had been experi- | 
mented on for some time, a very marked peculiarity was manifested in 
regard to the influence of interrupted currents’. The contractions of the 
ventricular muscle in response to slowly interrupted currents are much 

"more rapid than ‘in response to rapidly interrupted currents. A series 
This Journal, Vol; 
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of induction shocks at 5 pér second applied to a quiescent ventricle is 
much more effective than a series of precisely the same senate at 50 
or 100 persecond. 

Moreover the rate of cin excited by the altefnately shutting 
off and on a rapidly interrupted current is much more rapid than that 
resulting from the steady continuance of the same current. == ss 

This peculiarity observed in the behaviour of the cardiac tissue of : 
cold-blooded animals can be shown to be repeated in the mammalian 
ventricles, when the latter are tested in a state of markedly 
depressed excitability—from want of blood-supply, cooling etc. 
In an. excitable heart, fibrillar contraction (heart-delirium) would of 
course be at, once induced by applying interrupted currents to the ven- 
tricles, but in depressed conditions, in the cat, rabbit, rat, guineapig, and 
hedgehog, this difficulty is obviated, and the influence of slowly inter- 
rupted currents may easily be with that of 
currents &. 
- In the dog’s heart it is more difficult to avoid the occurrence of 
fibrillar contraction, and it is only in advanced conditions of. depression 
(e.g. in the amputated apical portion of the a that the — in 
question can be readily tested. 


IL ON THE ORIGIN OF THE SPONTANEOUS RHYTHM OF THE | 

As in all vertebrate animals the mammalian heart-beat partakes of 
the nature of a progressive contraction beginning at the base or venous 
end of the organ. The orderly series of events constituting a cardiac 
contraction is initiated near the termination of the great veins in the 
right and left auricles. It is very difficult however to make certain in 
what precise locality the movement begins in the mammalian heart, 
whether exactly at the junction of the great veins with the auricular 
tissue or in the terminal portions of the great veins at some little 
distance from the veno-auricular junction. In a slowly-contracting 
dying heart the contraction can sometimes be very distinctly seen to 
begin at the veno-auricular junction ; thence it. spreads. backwards over 
the great veins for some distance, and onwards over the scseeia : 
subsequently over the ventricles. 

. But such an origin and sequence of the contraction in. ‘the dying 
organ does not make it at all certain that a similar mode of action holds 
good in the normal heart.. In the dying heart the contraction sometimes 
shows a tendency of contraction to originate at the junctional parts of the 
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organ—in the auricles at the auriculo-ventricular groove, as well as at 
the veno-auricular junction. Moreover contraction sometimes seems to 
begin in the ventricular substance. Indeed the action of the dying 
organ appears to be modified not only in regard to the slowness and 
feebleness of its contraction, but in other essential characters, and its 
features are not to be relied upon as giving an accurate result in regard 
to the origin and course of the normal spoataneous rhythm. 

In the rabbit, rat, hedgehog and some other animals the contraction 
of the great veins can be studied: more easily than in the cat and dog, 
on account of the presence in the former of a left vena cava superior 
possessing as it does a pulsatile terminal portion of considerable length. 
In these animals the venous contraction distinctly appears to occur 
first, initiating the cardiac beat. And when possible inhibitory influences 
have been set aside by the administration of atropin, I find that. the 
forcible application of a clamp at the veno-auricular junction—so as to 
crush the tissue and destroy all vital connection between the vein and the 
auricle—does not cause an arrest of the rhythmic pulsation of the vein ; 
nor as far as I have seen does it even cause any diminution in the rate 
of the venous rhythm. The beat in the left vena cava superior goes on 
as before when its nervous and muscular connections with the auricle 
have been destroyed; it seems to possess within itself the essential 
conditions for spontaneous rhythmic action and that action at such a 
rate as to correspond with the rate of beat i in the uninjured heart as a 
whole, 

These facts favour the view that in the cat and dog as well as the 
normal origin of the contraction is in the venous wall, It may, in 
any case, be safely affirmed that the spontaneous contraction in the 
mammalian heart arises in the terminal (or ostial) portions of the great 
veins either exactly at their junction with the auricles, or in the walls of 
the veins at some little distance from the actual junction. 

The occurrence of the contraction appears to’ be simultaneous on the 
right and left sides; at the ending of the venae cavae (chiefly the 
superior) in’ the right auricle and the pulmonary veins in the left 
auricle, The processes that underlie the rhythmic contraction appear to 
be accurately timed so as to coincide on the two sides, just as in many 
cold-blooded animals e.g, in the eel’, where the dominant portions of the 
heait, the right and left ostial parts of the sinus, beat simultaneously. 

As regards the precise tissue in which the rhythmic discharge is 
generated there is no sufficient evidence available to prove clearly 
| 1 This Journal, Vol. vi., Nos. 4 and 5. 
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whether the rhythm is dependent on the functioning of nerve cells or of 
muscular fibres, whether it is a nervous or a myogonic rhythm. Much 
has of late been said in support of the independent rhythmic power of 
muscle in various situations, both in the-case of non-striated muscle—as 
in the ureter’, &c. and in the case of cardiac striped muscle as in the 
tortoise heart*. ‘It is urged that rhythmic action may originate in 
muscular tissue independently of the influence of nerve-cells altogether. 
The question is a very difficult one in’ the case of the heart. The 
physiological characters of cardiac muscular fibres are such—in the 
lower vertebrates at least—that they have been well called “neuro- 
muscular” (Foster), since in addition to ordinary muscular properties 
(as seen in skeletal muscle) they. possess many properties akin to those 
exhibited by purely nervous structures. Hence the distinguishing of 
the functions of cardiac muscular fibres from those of associated nervous 
_ structures is very much more difficult than when skeletal muscles are 
concerned, Differing much both histologically and physiologically from 
skeletal muscle the cardiac muscle is endowed with properties not 
possessed in any appreciable degree by the former; the cardiac fibre is 
probably in some respects a less differentiated form of tissue retaining 
in a marked degree more of the physiological characters of the original 
protoplasm, whilst at the same time possessing other properties which 
have been acquired in consequence of its special mode of functioning 
and the special nature of its work. 

Hence it appears to me to be at least possible that.in the 
mammalian heart the rhythmic contraction originating near the termi- 
nations of the great veins may be myogonic in its nature, But in 
this region nerve-cells are abundant and an intricate arrangement of 
nerve fibres is present. Moreover it must be remembered that a 
demonstration of the exhibition of spontaneous rhythmic power in 
muscular tissue in certain circumstances (more or less abnormal 
in their character) does not prove the exercise of this spontaneous 
rhythmic power in the intact normal organ, It might seem remark- 
able that the muscular tissue should. possess a high rhythmic power 
and never exercise this spontaneous capacity in ordinary life, but it is 
to be borne in mind that among cold-blooded animals we have © 
abundant evidence of high spontaneous rhythmic power which is 
constantly in abeyance during normal life; for example in the auricles 
of all reptiles, amphibians and fishes. In all these the 


1 Sokoloff and Luchsinger. Pfluger’s Archiv, Vol. xxv. 
2 Gaskell, Vol. 
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high. Notwithstanding this, there can be no doubt that during. the 


its own independent rhythmic power but in obedience to impulses 


. it has been shown in various animals (frog, tortoise, eel) that the: sinus 
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tissue is endowed with a very considérable power of indepehdent 
rhythmic contraction; in many cases the spontaneous capacity is very 


normal state of the heart the independent auricular rhythm remains 
entirely in abeyance, being superseded or led off by the still higher 
rhythm of the sinus venostis, The auricle beats not by. the exercise of 


reaching it from the dominant part of the heart; the sinus venosus. 
Hence the presence in the mammalian heart of muscular fibres with 
high rhythmic power doés not preclude the possibility of the rhythm 
being in reality a nervous one after all; the muscular rhythm (though 
apparently superfluous in such circumstances) may be in abeyance, just 
as the independent auricular rhythm in the lower vertebrates undoubt- 
edly is, The rhythmic tendency of the muscular fibres may be 
superseded by the higher rhythm originating in the  nerve-cells. 
Analogy indeed would lead one to assume that in normal circum- 
stances the nerve-cells determine the rhythmic discharge. It must be 
admitted however that it is at present not possible to dissociate with 
precision the respective actions of these muscular and nervous consti- 
tuents. Both are in all probability capable of rhythmic discharge; they 
are so intimately associated both structurally-.and physiologically that 
we cannot with confidence discriminate between ‘them as regards the 
essential nature of the parts they play in the causation of the normal 
rhythm. 
' All parts of the mammalian heart are » endowed with inde- 
pendent rhythmic, power. 
It is clearly established that in sold-hlobded sila the whale of the 
cardiac tissue possesses a distinct rhythmic tendency, although. this 
property is not at all evenly distributed over the whole organ. _ Indeed 


venosus, auricle, and ventricle form a descending series as regards their 
power of exhibiting independent rhythmic contraction. The latent 
rhythmic power in the ventricle is in many cases (e.g. frog) so low that 
it is only manifested in cerfain ‘special circumstances (increased intra- — 
ventricular pressure, passage of a constant current &c.); -hence the 
ventricle usually stands still and is unable to beat rhythmically when 
deprived of the impulses that eau _ to it from the rest of the 
heart and rouse it to action.. 

In the mammalian heart many ae indicate the ‘poseession of 
‘independent rhythmic power in all.the portions of the organ. 
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It has long been known that the ventricles can beat regularly for 
some time after they have been cut away from the auricles. Waller — 
and Reed' have lately found that in the cooled excised heart. (rabbit, 
dog) rhythmic contraction goes on for a long time, and the ventricular 
rhythm is entirely independent of the auricular rhythm ; the periodic 
contraction of the ventricles is not affected by. discopneetion: from the 
auricles, | 

 Wooldridg. ge’ hetformed the experiment. of physiologically 
necting the ventricles from’the rest of the heart without causing an 
actual breach of continuity between the ‘parts; this he did by crushing 
(by means of an ecraseur) the tissue forming the auriculo-ventricular 
junction or the lowest part of the auricular tissue close to the auriculo- 
ventricular groove, Tigerstedt’ performed an experiment of a similar 
nature by means of an ingenious apparatus (Atriotom) which enabled 
him’ to cut through the: auriculo-ventricular junction or the adjacent 
auricular issue, and still keep the-cut surfaces in apposition, thus 
preventing any escape of blood. Both these investigators found the 
ventricles to be capable of exhibiting an independent rhythm; they 
went on beating regularly though deprived of all structural snaiciead 
with the rést of the heart. : 

_ [have many times performed the experiment of crushing the ssid: 
ventricular junction, with results similar to those of Wooldridge and 
Tigerstedt, Further, I have in several cases observed that during 
slowing of the heart’s action (cat) caused by vagus stimulation, the 
slowing has been very much more marked ‘in the auricles than in the 
ventricles ;.the rate of ventricular action has sometimes been twice -as 
great as that of the auricular beats. Moreover there sometimes occurs 
during stimulation. of certain vagus branches (cat) a complete standstill 
of the auricles and great veins while the ventricles go on beating 
regularly. This phenomenon is far from being a common one; but 
I have seen it unmistakeably present on several occasions. (To be 
described in a subsequent paper.) In such instances the ventricular 
rhythm could not have been dependent on an auricular contraction ; it 
was evidently an independent ventricular:rhythm. | 

The independent ventricular rhythm appears in some con- 
ditions atleast to be myogonic;-it seems to be capable of origi- 
nating i in the muscular tissue and not in nerve-centres. : 
1 Phil. Trans. Vol. cuxxvit. (1887). 

2 Archiv. f. Anat. u. Physiol, 1883. 
_ Archiv. f. Anat. us Physiol, 1884, 
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- Many facts support the above conclusion, I have often observed in 
the dying ‘heart of the kitten that the rhythmic contraction which passes 
in wave-like fashion over the ventricular tissue begins now at one part, 
now at another part of the ventricular substance. Moreover I have 
frequently béen able to cause the wave-like contraction to begin at any 
part simply by employing means to exalt the excitability of the tissue at 
that part e.g. by the local application of heat. The seat of origin of the 
thythmic contraction may in this way be varied at pleasure; the 
successive contractions begin in the warmed area and thence sweep over 
the whole of the ventricular substance. 

I have on several occasions obtained similar results in the hearts of 
adult cats poisoned by the injection of a solution of potassium bromide 
into the blood-vessels. The cardiac contractions under the influence of 
potash salts become slow and wave-like, the ventricular beats soon 
become independent of the auricular action; and the origin of the 
ventricular contraction may often be deteinined: at and point in a 
ventricular wall—in the way I have mentioned. 

‘Now the ventricles of the cat aré certainly not richly supplied with 
nerve-cells, I have not. been able to find any at all in the apical 
portion. Nevertheless the independent rhythmic action may be made to 
originate at any part of the apical tissue; and it can hardly be assumed, 
in defiance of the results of histological examination, that nerve-centres 
are present at all parts of the wall of the ventricles including their apical 
portion. Hence it seems very possible that an automatic rhythm ‘may 
originate in structures other than ventricular nerve-cells, and the only 
elements in which such a rhythm could are the 
muscular fibres, 

Kasem-Beck' has investigated the occurrence and distri- 
bution of: nerve-cells in the ventricles of various warm-blooded animals. 
Examining the hearts of the dog, pig, calf, and sheep, he found that in 
no case do nerve-cells occur near the apex of the ventricles, The 
nearest approach he observed was the occurrence of a few nerve-cells at 
the upper margin of the apical fourth of the ventricular substance. 
Nerve-cells in the ventricles occur mainly in the basal and middle parts, 
lying for the most part in the anterior and posterior inter-véentricular 
furrows and on the left ventricle. Kasem-Beck finds them most 
abundant in the pig, and most scanty in the dog. 

in the intact heart one often finds 


1 Centralblatt fi die Med. Wissenschaften, No, 42, 1887, 
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that the application of a single mechanical stimulus, or the local 
application of heat to the apex of the ventricles, is followed by the 
occurrence not simply of asingle artificially-excited beat but of a number 
of greatly accelerated and reversed cardiac beats forming a series of 
greater or less duration according to the excitability of the tissue and 
other circumstances. This tends to indicate that one is dealing with a 
highly rhythmic tissue. And the same assumption is borne out by the 
behaviour of the ventricular muscle in, various conditions to be discussed 
at a later stage of this paper, its response to minimal and maximal 
stimuli, the rhythmic rise and fall of its excitability during the 
occurrence of a periodic series of excitations and its behaviour 
towards faradic and galvanic currents. In all these respects the 
mammalian ventricular muscle comports itself in a way essentially 
similar to what we are familiar with in rhythmic tissues, e.g. in the 
hearts of cold-blooded animals. 

- It appears that the cardiac muscle throughout the whole vertebrate 
series is possessed of certain strongly marked and peculiar characters. 
Its molecular arrangements are such that any discharge of energy is 
necessarily a full and maximal discharge; there is no partial or 
graduated discharge possible at any moment, apart from the influences 
of nerve control, distension of the cavities, temperature, &. A 
discharge of energy induces a period of exhaustion which renders 
a second discharge impossible until a certain degree of reparation has 
been attained; in this way the occurrence of a steady and prolonged 
discharge—like that of complete tetanus in a skeletal muscle—is pre- 
vented; hence continued stimulation (e.g. with galvanic currents or weak 
faradic currents) leads to a series of contractions, and not to a steady 
tetanus. The phase of exhaustion involved by the occurrence of a beat 
is gradually recovered from ; the amount of energy available for another 
discharge accumulates; and at the same time the readiness to contract 
in response to a stimulus increases. At length the process of recovery 
arrives at such a stage that a discharge of energy ean be excited by a 
minimal stimulus and the discharge so excited is a strong one. If no 
stimulus is applied when the tissue has recovered sufficiently to be very 
irritable, it is readily coneeivable that a continued rise of excitability or 
expectancy may in some cases result in a welling over in the form of a 
spontaneous discharge of energy—in the manifestation of an independen 
automatic rhythm. | 

Many features of like character to those obtaining in cardiac muscle 
have been described by Romanes in the contractile tissues of Medusae, 


J 
a 
4 
aA 
A 
Ay 
4 
Ay 
q 
tek 
. 


180 MCWILLIAM. 


And the contractile tissues bearing those characters he found to possess 
‘distinct. rhythmic qualities; they pulsated rhythmically in certain 
conditions (e.g. when placed in acidulated water) alter all the ganglia 
had been removed, 

Farther, all those paculiar characters of the iedine muscle are mani- 
fested in identical fashion whether one deals with the basal part of the 
mammalian ventricles containing nerve-cells, or with the apical portion — 
in which no nerve-cells can be detected. Hence it may be reasonably 
assumed that the manifestation of all those properties—including the 
power of automati¢ rhythm are not necessarily the immediate 
expression of the functioning of nerve-cells but may be a manifestation 
of the activity of the muscular fibres themselves. 

But, if independent rhythm can be manifested by the muscular tines 
of the highly specialised ventricles, may such rhythm not be in even 
greater degree @ property of the muscle of the less highly specialised 
great veins? It is evident that a consideration of the automatic 
ventricular rhythm and the evidence in favour of its myogonic nature 
(in certain circumstances) emphasises the difficulty of determining the 
precise tissue in which the rhythmic contraction at the venous end of 
the heart begins. It favours the idea that the rhythm in the latter 
situation may be myogonic, though it does not at all prove that the 
rhythm in normal circumstances actually is myogonic. 

Though all the parts of the heart are endowed with auto- 
matic rhythmic power, the normal action of those parts at 
the same rate of beat is not due to the existence of an equal 
rhythmic power in each part; the rhythmic eer in the 
various parts is not equal. 

Seeing that all the portions of the heart are possessed of an idhenent 
automatic rhythm, it might be conceived that the identical rhythm seen 
in all the parts of the intact normal heart might be due to the possession 
of a similar power of spontaneous rhythm in all the parts, there being in 
all the parts a correspondence in the processes upon which the spon- 
taneous rhythm of each depends. The rhythmic processes in veins, 
auricles, and ventricles might be so timed that all these parts would beat 
at the same rate per minute, like a number of clocks aaking at the same 
rate side by side. 

good instance of such-an is to be seen in the eel’s 
where the right and left ostial parts of the sinus beat with an identical 
rhythm, apparently in consequence of a precise identity in the time 
relations of the tissue changes underlying the rhythmic discharge. The 
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simultaneity of contraction in the right and left ostials often continues 


after these parts are completely separated from one another and from 


_ all the other parts of the heart. 

in the mammalian heart it at once on examina- 
tion that there is a very close connection between the various parts. 
Contraction of one part—in- whatever way excited—determines the 
- occurrence of contraction in all parts of the organ. Contraction then in 
the great veins necessarily leads to the manifestation of a beat in auricles 
and ventricles; and conversely a ventricular beat excited in a quiescent 
heart induces a contraction in the auricles and great veins. Contrac- 
tion excited in one part at any moment involves all the other parts, even 
though‘ they have very recently contracted and are not yet prepared to 
discharge another beat in virtue of the spontaneous rhythmic <6 
in them. 

— It is evident then that if one portion of the heart possesses 
a a higher power of spontaneous rhythm than the rest of the 
organ, the rhythm of the former will supersede the inherent rhythm of 
the other parts and determine the rate of contraction in the whole organ? 

Such an arrangement we are familiar with in the hearts of cold- 
blooded animals, where the dominant part is the sinus venosus—its rapid 
rhythm superseding the’ slower inherent rhythm of auricle and ventricle 
and determining the rate at which the whole heart beats. 


In the mammal it is very much more difficult to compare ‘the 


spontaneous rhythmic power of the different parts of the heart than in 
cold-blooded animals. For the experiments by section, ligature, and 
clamping which have proved so instructive in the latter are not applicable 
in the same way in the hearts of warm-blooded animals; the escape of 
blood from the cavities of the organ and the interference with ‘the 
vascular supply of the cardiac tissue prove grave difficulties in the latter. 
. Nevertheless there is: a.considerable amount of evidence going to 
‘prove that the power of spontaneous rhythm inherent in the cardiac tissue 
is not equally distributed over the whole organ; that the spontaneous 
rhythmic tendency ‘is indeed markedly different in “degree” in the 
various parts of the mammalian heart. 

_ The independent ventricular rhythm observed by Wooldridge and by 
Tigerstedt: was much slower than the rhythm of the auricles, much 
slower than the rhythm of the intact heart. It may of course be argued 
that the independent ventricular rhythm described by these observers 
might have been abnormally slowed. in consequence of the opérative 
procedure adopted. ™ the application of Wooldridge’s method the 
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blood-flow through the heart was temporarily arrested, while the 
ecraseur was being lightened, and some of the coronary vessels may 
have been injured. In Tigerstedt’s experiments the inter-auricular 
septum was cut through and a certain derangement of the circulation 
necessarily resulted; at the same time a constant though gradual fall in 
the arterial blood-pressure was recorded. : Further, it may be urged that 


_ the ventricles would be more ready to suffer from an interference with 


their blood-supply than would the auricles, since as has long been 
known, the ventricles in the ordinary process of death lose their 
excitability more réadily than the auricles. A depression of the 
ventricular excitability thus brought about would of course involve a 
slowing of their inherent rhythm, and the diminished ventricular rate (as 


compared with that of the rest of the heart) might be thus accounted for. 


But, on the other hand, it must be remarked that it is the auricular 
branches of the coronary arteries that are mainly interfered with in the 
experiments of both these investigators. 

Further there is often to be seen during certain phases of inhibition 
what clearly seems to be an independent ventricular rhythm; this 
rhythm is very markedly slower than the rate of the ventricles when 
beating in sequence to the rest of the heart. And here is no special 
interference with the ventricular blood-supply; probably only a tem- 


porary and comparatively slight fall affecting the whole heart. 


Moreover I have often seen the ventricular contraction preceding the 
auricular contraction for one or more beats under inhibitory influences 
(Pl. IV. Fig. 10). 

Again, there is a considerable amount of evidence showing that the 
inherent rhythmic power of the venous end of the heart is decidedly 
higher than the inherent rhythmic power of the ventricles, Stimulating 
agents locally applied to the cardiac tissue can be shown to increase 
the heart’s rate much more readily and much more strikingly when 
applied to the venous end of the organ than when applied to the 
ventricles. For example the application of slight heat locally to the 
terminal part of the vena cava superior gives a very marked acceleration 
in the rhythm of the whole heart (PI. III. Fig. 6 and IV. Fig. 9). A sismilar 
slight local heating of the ventricle apex or any part of the ventricular 
substance gives no change in the cardiac rate. And so with weak 
constant and faradic currents; applied to the venous terminations they 
exert a very marked accelerating influence on the action of the whole 
organ ; applied to the ventricles they do not (if sufficiently weak) cause 
any change in the cardiac rhythm. [ft is indecd true that strong local 
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heat applied to any part of the ventricular substance may induce a 
temporary acceleration of the heart’s rhythm, the sequence of contrac- 
tion being at the same time reversed; the ventricles beat before the 
auricles and the venous terminations. But comparatively strong heating 
is necessary for the production of such a result; the slight heat readily 
effective when applied to the venous terminations, is usually quite 
inoperative when applied to the ventricular substance. 

A similar rule prevails with regard to constant currents, though 
strong constant as well as moderate faradic currents are not suitable for 


application to the ventricles in regard to this question, as they produce 


an entirely different and special result (fibrillar contraction, delirium, &c.) 
which does not specially concern the point now under consideration. — 

(The effects mentioned are all to be observed in animals in which 
inhibitory influences have been paralysed by atropine as well as in 
unpoisoned animals.) These results in the mammalian heart are essen- 
tially similar to what we are familiar with in the hearts of cold- 
blooded animals. In them (e.g. frog, tortoise, eel, &c.) the application of 
slight heat, very weak faradic, or constant currents to the sinus venosus, 
gives a marked acceleration in the rhythm of the whole organ; a similar 
application to the ventricle has no effect on the rhythm. And it can be 
demonstrated by section experiments that the sinus is undoubtedly the 
part of the heart endowed with the highest power of s tareenmeaien 
rhythm in those animals. 

Further, the venous terminations are in the mammalian heart the 
parts that usually pulsate longest in the dying heart; their action may 
often be seen to be quite regular when all the other parts of the heart 
have entirely ceased to beat and even when they have become insensitive 
to direct stimulation. This state of things quite corresponds with the 


great vitality of the sinus venosus in cold-blooded animals. 


It is apparent then that the great relative sensitiveness of the 
venous terminations to stimulating influences (heat, electrical currents, 
&c.), and their high vitality plainly indicate the possession by them of a 
very high rhythmic power—a spontaneous rhythm gn than that 
present in any of the other parts of the heart. 

There is little room for doubt that the rhythm originating in the 
terminal parts of the great veins or at the junction of the great veins 
with the auricles is a rhythm which dominates the whole. heart and 
determines the rate of its action. For the contraction initiated in this 
region spreads over the entire organ determining a discharge of energy 


throughout the cardiac musculature. The beats —s in or near 
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the venous terminations lead off the contractions of the auricles and 
ventricles; these parts act in sequence to the initial contraction in the 
great veins. Although the ventricles can be shown in certain cir- 
cumstances to manifest an independent rhythm of their own, and so 
would be able to beat on their own account apart from the occurrence of 
any antecedent contraction in other parts, yet the series of ventricular 
beats so produced would be at a much slower rate (caeteris paribus) 
than those exhibited by an intact heart. And the same may with much 
probability be asserted of the auricular tissue proper. 

It is evident then that the normal rhythm seen in the ventricles of 
an intact heart depends not on the power of spontaneous action inherent 
in the ventricular muscle, but on the propagation to the ventricles of the 
more rapid series of contractions originating at the venous end of the 
heart and reaching the ventricles through the mediation of the auricles. — 
The parts at the venous end of the heart are prepotent with regard 
to both the auricular tissue proper and the ventricles. 

The inherent rhythmic power latent in the auricles and ventricles 
may in these circumstances seem somewhat superfluous. But we know 
for certain that such exists in cold-blooded animals; that the auricles 
for example possess a considerable power of independent spontaneous 
activity, but that this rhythm is superseded and kept in abeyance by the 
higher rhythm of the sinus, just as the automatic respiratory rhythm in 

man can at any time be temporarily superseded by a more: rapid 
voluntary rhythm. 

_ The causes determining the rhythm of the intact heart are to be 
sought for at the venous end of the organ, since here is located the 
dominant rhythm. It can be shown that the contraction arising here is 
not essentially dependent on a distension of the parts with blood or a 
stimulation by the presence of blood in their cavities; the beating goes 
on quite regularly for a considerable length of time when the cavities 
are empty and collapsed. Hence the view advocated by Haller, and by 
‘many since his time, that contact with the contained blood is the 
determining cause of the heart's rhythm cannot be regarded as 
adequately meeting the case. And the same may be said of the 
suggestion of Briicke, that the rhythm is due to the conditions of the 
blood supply through the coronary vessels. Also of the views of 
Brown- Sequard, Lanneloque, Senac and various others. 

_ The view propounded by Paget, ascribing the cardiac beat to a 
rhythmic mode of nutrition, called attention to the truth that the 
essential cause of the heart’s rhythm is to be sought in the molecular 
changes occurring deep in the cardiac tissue. 
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On a-reversed mode of contraction of the Heart. 
. The application of a single stimulus of any kind telectrical: 


_ mechanical, or thermal) to any portion of the cardiac tissue during the 


diastolic period usually leads to a contraction of the whole organ—great | 
veins, auricles and ventricles all participating in the beat. The order of 
contraction varies as the stimulus is applied to one part of the heart or 
another. When the excitation is brought to bear on the terminal 
portion of one of the great veins (e.g. superior vena cava) the resulting 
contraction exhibits the same general order of sequence as in the normal 
spontaneous beat; the stimulated vein contracts first, then the auricles 
(and probably the terminal portions of the other veins) and then the 
ventricles. (The difference between such a beat and a normal one is in 
the precedence of the stimulated vein over the other venous termina- 
tions.) 

When the stimulus is applied to the auricles, the beat shows a 


- somewhat different sequence. The auricles contract first, and then the 


great veins on the one hand and the ventricles on the other. 

Again, when the stimulus acts directly on the ventricles, there is a 
complete reversal of the order in which the different parts of the heart 
normally contract. The ventricles contract first, then the auricles and 
then the great veins, ) 

The heart then can readily be artificially excited to execute beats. 
either in an approximately normal or in a completely reversed fashion. 
The reversal caused by the application of a single induction shock to the: 
ventricles during the period of diastole usually affects one beat only, the 
beat excited by the stimulus. The normal order is then immediately 
re-asserted. But in a very excitable heart, a mechanical or thermal 
stimulation or even a single electrical stimulation of the ventricles 
often leads to a reversal persisting over several beats; a number 
of reversed contractions may occur before the normal sequence is 
restored. And in any heart a reversed form of beat may be kept up by 
applying to the ventricles a series of single stimulations of somewhat 
greater rapidity than the normal spontaneous rhythm. By such means 
the normal spontaneous rhythm is not allowed to come into play; the 
contraction of the heart is artificially excited before the organ is 
prepared to emit a spontaneous discharge of energy. The —— 
rhythm is superseded by a more rapid artificial rhythm. 

During the period of cardiac standstill resulting from stimulation of 
the vagus nerve a reversed form of contraction may be easily induced ; 
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a single excitation (e.g. an induction: shock) of the ventricles gives a 
single reversed beat, and a series of excitations (e.g. a series of induction 
shocks at the rate of say 2 per second) causes a series of reversed beats. 
Reversed contractions sometimes occur spontaneously at certain phases 
of vagus influence (Pl. IV. Fig. 10). 

It is a matter of considerable interest and importance to note the 
influence: exerted on the circulation of the blood by such a reversed. 
mode of cardiac action, It has a practical bearing on the question of 
artificial excitation of the human heart by electric shocks during certain 
forms of chloroform syncope and allied conditions. For the passage of 
shocks through the heart in man might excite either the normal or the 
reversed sequence according as whether the auricles or the ventricles 
were mainly affected by the current, and according to the relative 
excitability of those parts obtaining in the special conditions in 
question. Would a reversed mode of contraction be of service in. 
discharging the contents of the heart and in raising the blood-pressure ? 

In the eel I found that a reversal of the normal order of cardiac 
sequence when kept up for some time was attended by a marked 
obstruction of the circulation; the sinus and auricle became gorged 
with blood, and their action was almost annulled. 

In mammals (cat and rabbit) I have made a considerable number of 
experiments on this point. I find that, when the heart has been 
brought to a standstill and the blood-pressure greatly reduced by vagus 
stimulation, a series of artificially excited beats is attended by a marked 
improvement in the condition of the heart and a considerable rise in 
the blood-pressure, though the pressure never attains the normal height 
in these circumstances—as far as I have seen. 


On the sequence of contraction in the different chambers of the heart. 


There has now to be considered the mode in which the contraction 
originating in the parts possessed of the highest rhythmic power (the 
terminal regions of the great veins) is propagated over the less highly 
rhythmic portions of the organ—the auricles proper and the ventricles. — 

It has been recently urged by Gaskell’ that in the heart of the 
tortoise the contraction is propagated over the heart by muscular 
conduction—simply as a wave sweeping along the muscular tissue. 
In the hearts of all cold-blooded animals examined there is complete 
histological continuity evident between the muscle of the various parts. 


1 This Journal, loc. cit. 
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And in the eel’s heart I have described a form of muscular connection 
between the ventricle and the rest of the heart which accords 
remarkably with the muscular conduction hypothesis as applied to 
the explanation of the various phenomena (blocking, &c.) which are 
observable in this region’. Moreover there is abundant evidence that 
the larger intra-cardiac nerves and the ganglia are not at all necessary 
for the efficient propagation of the contraction. But with the finest 
nerve filaments that ramify among the muscular fibres the case is 
entirely different. It seems to me that in the hearts of cold-blooded . 
animals it is impossible rigidly to exclude the possibility of an important 
conducting function being discharged by the fine nerve fibres that run 
in the muscular substance. It seems to be impossible at present to 
dissever with certainty the parts played by the muscular and nervous 
elements respectively, 

In the mammalian heart the structural connection of the is 
veins with the auricles is essentially similar to what obtains in cold- 
blooded animals, inasmuch as there is muscular continuity between the 
venous and auricular walls ; the problem as to the mode of propagation 
may be said to stand on the same footing as in the lower vertebrates, 
But the question as to how the contraction is propagated from auricles 
to ventricles, stands on an entirely different basis, inasmuch as the 
structural relations of these parts to one another are entirely different. 
Instead of complete muscular continuity throughout the heart there 
occurs in the mammalian heart ‘a distinct break—a distinct interval— 
between the muscle of the auricles and the muscle of the ventricles. 
The auricular fibres and the ventricular fibres belong to systems of 
their own, and are separated by a considerable amount of connective 
tissue at the auriculo-ventricular junction. The part where the auricu- 
lar and the ventricular muscular fibres are most closely approximated is 
at the bases of the auriculo-ventricular valves, but even in that situ. 
ation there is a distinct want of continuity, a well-marked separation 
between the auricular and ventricular systems. 

It is evident then that the whoke question of propagation from — 
auricles to ventricles is in mammals on a footing quite different to the 
similar question in cold-blooded animals. Clearly the propagation in 
mammals cannot be due to simple muscular conduction—to the 
passage of a wave of muscular contraction from one part to the other, 

There are various conceivable modes in which the transmission of 
the contraction might be effected in mammals. For- -example— 


1 This Journal, 
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(a) The sequence of the ventricles might depend on their being 
suddenly distended with blood forced into them by contraction of the 
auricles; stimulated by this sudden rise of pressure in their cavities the 
ventricles would contract—their beat thus occurring in sequence to the 
auricular beat. And there is little doubt that the ventricles are 
decidedly affected by sudden and considerable changes of pressure in 
their cavities. 7 

_ here is a considerable amount of evidence, however, to prove 
that the propulsion of blood into the ventricles at each auricular 
beat is often insufficient—in the absence of other causes of propagation 
—to ensure the ventricular sequence. 

Some evidence of this kind is to be obtained from the experiments 
of Wooldridge and of Tigerstedt. After physiologically discon- 
necting the ventricles from the auricles (by crushing or cutting the 
auriculo-ventricular junction) without materially interfering with the 
flow of blood through the cavities of the heart, these observers found 
that the ventricles exhibited a rhythmic action quite independent of 
the auricular action; a ventricular beat did not follow each auricular 
beat as in the normal heart. The sequence of ventricles upon auricles 
was abolished. The sudden distension of the ventricles with blood 
forced into them by the auricular contraction was obviously insufficient 
to determine a ventricular beat. Of course it may be doubted whether 
the ventricular tissue was quite in its normal state of excitability; a 
depression of the ventricular irritability may have resulted from the 
operative interference with the organ and hence there might have been 
an abnormal sluggishness in responding to the changes in intra- 
ventricular pressure caused by the auricular beats. It seems hardly 
probable that a change in the ventricular excitability could have so 
quickly occurred in such a degree as to give the result referred to; for 
one often sees that in the intact heart the ventricular sequence persists 
with complete regularity even after the ventricles have suffered a very 
decided diminution of their irritability. Hence it would seem probable 
that in the intact heart other factors are concerned beyond the changes 
in intra-ventricular pressure determined by the auricular beat. 

Again, I have often observed instances where auricular contractions 
failed to cause responsive ventricular beats, and yet these auricular - 
contractions were of very considerable strength—strong enough indeed 
to cause visible dilatation of the ventricles from the rise of intra- 
ventricular pressure caused by each auricular beat. Such instances are 
often observable when the heart has been stopped by stimulation of 
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inhibitory structures and has just recommenced beating; occasionally — 


also before inhibition has become fully established. The auricles some- 
times give one or more beats that are not propagated to the ventricles 


though blood is forced into the ventricles at each auricular beat (Pl. IV- 


Fig. 11). In similar conditions the ventricles sometimes give only one 
beat in respons@to every second or third auricular beat. 

Further, there occur cases in which stimulation . of inhibitory 
structures (vagus nerve or inhibitory area) causes ventricular standstill 
while the auricles go on beating. And in these cases, the direct exci- 
tability of the ventricles, as tested by single induction shocks applied 
to their surface, seemed unimpaired. . Moreover, mere weakness of the 
auricular beats would not account for the non-response of the ven- 
tricles; for very much weaker auricular beats than those observed in 
the above-mentioned cases are quite sufficient, in the uninhibited heart, 
to determine the occurrence of responsive ventricular contractions. The 
failure of ventricular sequence was in all probability due to an inter- 
ference with a mechanism of propagation quite different from the 
pressure changes caused by the auricular beats. 

Further, contraction can be propagated from auricles to vestiielas 
when there can be no question of an intra-ventricular rise of pressure 
being caused by the auricular beat. 

This fact can readily be demonstrated in 1 the case of the empty 
heart when precautions have been taken to prevent the entrance of air 
into the cavities. This is easily done by clamping all the great veins 
on both sides of the heart. After the heart has discharged its contents 
and become empty, I have often watched the sequence of the contrac- 
tion both with the heart in situ and after excision. The normal 
spontaneous sequence can be seen to continue with complete regularity 
for a considerable period, often for several minutes. Moreover when the 
rate of action has become somewhat slowed it can be shown that 
artificially-excited contraction of the auricles is propagated to the 
ventricles, and artificially-excited beats of the ventricles awake respon- 
sive auricular contractions, Contraction can thus be readily propa- 
gated across the auriculo-ventricular junction in both directions, in 
the normal direction or the opposite. Propagation sometimes fails in 
one direction while it can still occur in the other direction; sometimes 
an artificially-excited ventricular beat is transmitted to the auricles 
while an artificially-excited auricular contraction is not propagated to 
the ventricles; this, however, appears in many cases at least to be 
due to a depressed ventricular excitability. | 
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' It is obvious then that though a strong auricular beat — 
might possibly lead to the occurrence of a ventricular beat in 
consequence of a sudden distension of the ventricular cavities, 
such a mode of sequence is by no means an essential one. 

For the regular ordinary sequence occurs when no such cause is 
operative (e.g. in the empty heart); and the sequence“ often seen to 
fail when the above-mentioned cause is still present. . 

It is plain that there is some other mode of propagating contraction 
from auricles to ventricles and vice versa. 

(b) It might be conceived that the electrical variation accompanying 
the auricular beat might act as a stimulus to the neighbouring ventricular 
tissue—especially in the case of. the empty heart when there is no mass 
of blood present to short-circuit the current. There is no evidence 
in favour of such a hypothesis, and various considerations are opposed 
to it—the weakness of the auricular current, the fact that the sequence 
persists when means are taken to short-circuit the current in the empty 


_heart, e.g. when the heart is immersed in (warm) mercury. 


(c) The cause of the ventricular sequence might be sought in the 
conditions of the mechanical connection between the auricles and the 
ventricles, 

When the ventricles of a still living and ssistiabin heart have ne 
severed from the’ rest of the organ by a transverse section made just 
below the level of the auriculo-ventricular valves, it can easily be shown 
that a slight but sudden pulling .of the cut end of one of the chordae 
tendineae when the ventricles are quiescent frequently causes a 
ventricular beat. It is probable that any sudden increase in the tension 
of the chordae tendineae in the intact heart would lead to the occurrence 
of a ventricular contraction. Now it has long been known that some 
of the auricular muscular fibres pass into the flaps of the auriculo- 
ventricular valves constituting the radial fibres of these structures. 
And the chordae tendineae are attached to the ventricular aspect of the 
flaps. Hence as the fibres of the valve no doubt contract with the rest 
of the auricular muscle, it is conceivable that at each auricular beat 
a sudden increase of tension might be communicated through the 
valves to their attached chordae, and in this way a ventricular contrac- _ 
tion might possibly be excited. For it must be borne in mind that — 
the ventricles are very easily caused to contract towards the end of 
the diastolic pause. Their excitability differs widely from that of 


ordinary skeletal muscle in this respect that while the excitability 


of the latter remains practically constant over considerable “periods, 
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that of the ventricles on the other hand is constantly passing through 
cyclical changes, falling at each beat, and rising again through the. 
diastolic pause until it has reached its maximum or until another beat 
has occurred. Hence the stimulus required to excite a ventricular 
contraction after the occurrence of a pause of approximately normal 
duration is not necessarily a strong one; a very weak stimulus is 
effective. 

I have on many occasions performed an experiment bearing on this 
question—on the possibility of the ventricular sequence being dependent 
on the above-mentioned mechanical cause. The experiment consists 
in severing the chordae tendineae by making a section across the 
upper part of the ventricles so as to leave say the upper third of 
the ventricles in connection with the auricles. The chordae are thus 
completely divided; their cut ends can be seen hanging loose in the 
ventricular cavities. In the case of a vigorous heart I have often | 
seen the contraction regularly propagated from the auricles to the 
upper portion of the ventricles still in connection with the auricles; the 
sequence continued unimpaired for a considerable period of time. 
Moreover it can be shown that artificially-excited contraction of the 
auricles can be propagated to the ventricles ; and similarly an artificially- 
excited ventricular beat can be transmitted to the auricles in favourable 
circumstances. Hence it is obvious that propagation of the contraction 
can be conducted across the auriculo-ventricular junction in both direc- 
tions, in normal sequence from auricles to ventricles, and in reversed 
fashion from ventricles to auricles without the mediation of the 
tendinous connections between the ventricular walls and the valvular 
arrangements at all. 

In some instances the imate section-experiment fails ; the 
auricular contraction is not propagated to the still-attached portion of the 
ventricles. When the heart is not a strong and vigorous one, or when the 
ventricular tissue has been subjected to compression or other injurious 
influence there is usually a failure in the sequence of the contraction. 
The experiment is of course in any case a very rough one and the heart 
is necessarily placed in very abnormal conditions, but still a positive 
result is, it seems to me, of very considerable significance. The fact that 
the contraction is often seen to be propagated with great regularity not 
only in the absence of the mechanical connections established by the 
chordae tendineae but in unfavourable circumstances generally (want 
of blood-supply, depression of temperature, &c.) is clearly one of much 
importance. A negative result of the experiment, on the other hand, 
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would not have carried much weight as it might readily have been — 
accounted for by a depression in the excitability of the cardiac tissues. 

A similar experiment can be performed in a more satisfactory way— 
by feeding the cardiac tissue with a stream of arterial blood at approxi- 
mately normal temperature and pressure through the coronary arteries, 
and then making a section across the upper part of the ventricles. 

I have on several occasions performed such an experiment; the 
cavities of the heart were empty, and an artificial circulation was 
established through the coronary vessels. After the ventricles had been 
cut across in the way already mentioned and the chordae tendineae. 
severed, the propagation of contraction from the auricles to the 
attached (basal) portion of the ventricles was quite unimpaired, The 
basal part of the ventricular substance contracted regularly in sequence 
to each auricular beat. I have watched such a sequence over a period 


. of more than half an hour, the rate of cardiac beat being for the greater 


part of the time about 120. Whilst this condition obtained, I found 
that a moderate acceleration of the auricular rhythm (induced by direct 


- stimulation of the auricular surface) was accompanied by a corresponding 


acceleration of the ventricular rhythm, the ventricular beats following 
the auricular in regular sequence, and rising and falling pari passu with 
the latter. The transmission of contraction from auricles to ventricles 
was evidently quite active, and this in a heart the cavities of which 
were empty of blood and the chordae tendineae severed. __ 

It is evidently impossible to account for the sequence of the 
ventricular beat on the auricular beat upon purely physical grounds. 

It would seem to be clear that the propagation of -the 
contraction from auricles to ventricles is effected through 
the nerves that pass between these parts. 

When the nervous connections are destroyed as (in. Wooldridge 
and Tigerstedt’s experiments) when the tissues forming the. auriculo- 
ventricular junction are crushed or cut through, the transmission of the 
contraction is interrupted; the sequence of the ventricular beat on a 
preceding auricular beat is lost. On the other hand, when the nervous 
connections remain intact and the muscular excitability of the heart is 
not materially impaired, the contraction can pass readily from auricles 
to ventricles, notwithstanding many changes in the state of the organ, 
e.g. an absence of the normal contents of the cavities as in the empty 
heart, an interference with the mechanical connections of the parts as 
when the chordae tendineae are cut through, &e. : 

Moreover, I shall have to describe in a subsequent paper certain cases 
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of nervous Sterlite with the propagation of contraction. front auricles 
to ventricles; forms of interference which would be very difficult to 
explain apart from the existence of a nervous mechanism of propagation. 

It is impossible at present to define the precise form of nervous 
mechanism concerned in the maintenance of the ventricular sequence—in 
the transmission of the contraction from auricles to ventricles. The 
nervous arrangements may indeed be found to assume a peculiar type. 

Some hypothetical nervous arrangements may be adverted to— _ 

(1) It might be conceived that if nerve-cells are always concerned 
in the auricular contraction, motor fibres issuing from these cells might 
pass to the ventricles as well as to the auricles; and hence a motor 
incitation would be seut from the nerve centres to both auricles and 
ventricles. 

But, with a simple arrangement of this sort, it is difficult to explain 
the pause between the auricular beat and the ventricular beat; the 
contraction of auricles and ventricles ought to be Suey simul- 
taneous. 

(2) It might be conceived that afferent impulses arising in connec- 
tion with the contraction of the auricular muscle may pass to a nerve 
centre, or to nerve centres from which efferent impulses proceed to the 
ventricular muscle. 

There is no evidence to prove the exiatehen of such a centre in the 
ventricles however. The nerve-cells, as far as they have been observed 
to occur at all, are superficially situated in the ventricles, and paralysis 
of them by the application of strong ammonia to the ventricular — 
does not interfere with the regular sequence. 

And even if the hypothetical nerve centre referred to be sestimed to 
exist, not in the ventricles but in the auricles or in the auriculo-ventri- 
cular groove (where nerve-cells and ganglia abound), the facts of reversed 
contraction of the heart are still to be accounted for. Propagation of 
contraction from ventricles to auricles involves the conception of a second — 
system of fibres, afferent fibres from the ventricular substance to the — 
hypothetical nerve centre, and efferent fibres from that centre to the 
auricular muscle—either directly to the muscular tissue or pemineily to 
a nervous plexus in the auricular wall. 

Moreover the character of the auricular contraction opposes the idea of 
its being due to the influence of a motor centre sending out simultaneous 
impulses to all the muscular fibres. For whenever the rate of propaga- 
tion is markedly slowed, the progressive nature of the auricular con- 
traction becomes very plainly evident. There is no simultaneous action 
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of the whole auricular wall, but a wave of contraction sweeping over the 
tissue from the endings of the great veins. And such a mode of con-— 
traction is often quite patent when there is no reason to believe that the 
action of the heart has been deranged or indeed essentially altered— 
except in so far as the rate of propagation is slowed, e.g. under the 
influence of cold, or of various drugs. 

- Moreover, when reversed contraction occurs it can sometimes be 
distinctly seen that the contraction begins at the auriculo-ventricular — 
groove and thence spreads over the auricular walls, 

(3) Nerve fibres connected with the auricular muscle may pass to 
the ventricles, probably being intermediately connected with nerve-cells 
near the auriculo-ventricular junction. 

It is possible that there is a simple fundamental mechanism of 
nervous connection between all parts of the heart ; an extensive plexus 
of nerve fibres throughout the whole of the cardiac wall, perhaps with 
nerve-cells interposed at certain parts such as the auriculo-ventricular 
junction. Such a nerve plexus would stand in very close relation with 
the muscular fibres at all parts, and would be capable of conducting with 
more or less readiness in any direction. The nerve-cells are probably 
concerned in bringing the extra-cardiac nerves into close relation with 
the mechanism of contraction. 

What is the nature of the nerve influence that determines the ventri- 
cular sequence ? | 

Is it a constant influence, or an intermittent discharge ? 

The ventricles we have seen are capable of independent rhythmic 
action. This independent rhythm can be accelerated by influences of a 
constant nature, e.g. galvanic currents. Hence, it is conceivable that a 
constant nervous influence from the basal parts of the heart acting on 
the ventricles might cause the ventricular rhythm tc be of the same 
rapidity as that of the remainder of the heart. But the important fact 
that an auricular contraction excited at any phase of the cardiac cycle 
induces a ventricular beat controverts the idea just stated, and indicates 
that the influence reaching the ventricles from the auricles is of the 
nature of an intermittent excitation. And the facts of reversed contrac- 
tion have a similar bearing. | 

In the case of the cat’s heart there is no evidence to show that 
contraction can be propagated from the great veins to the ventricles 
without a contraction of intervening auricular tissue. : 

Contraction may indeed pass from the venous terminations (e.g. the 
end of the superior cava, in the cat) to the ventricles without involving 
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the whole extent of the auricular walls. In such cases the contraction 
usually passes along the dorsal aspect of the auricles, without passing 
over the lateral or anterior aspects at all. The auricular surface, 
however, over which the contraction passes always forms an unbroken 
track from the venous termination to the auriculo-ventricular junction, 
The contraction never seems to leap over any portion of the auricular 
wall in its course; it never seems to reach the auriculo-ventricu!ar 
junction except by traversing the auricular tissue in its progress. 

The dorsal region of the auricles is not the only part concerned in 
the propagation of contraction to the ventricles, | 

The ventricular sequence continues unimpaired when the dorsal 
auricular ‘vall has been cut across, or better, crushed near the auriculo- 
ventricular groove, or when the auriculo-ventricular junction has been 
crushed in this region, The contraction must then be transmitted 
through the connection of the remaining parts of the auricles with the 
ventricular tissue. 

The dorsal region of the auricles is the part in which the power of 
propagation is longest retained in the dying heart. It appears to re- 
semble in some of its properties, as well as in its position, the basal wall 
of the auricle or auricles in the hearts of different cold-blooded — 
(eel, frog, tortoise, snake, &c.). 

In the rabbit’s heart the structural relation of the sechinnd parts 
of the great veins to the ventricles is different from what obtains in the 
cat’s heart. In this animal I have sometimes observed that, in a dying 
heart, an artificially-excited ventricular contraction passes over the 
venous terminations before it appears in the auricles at all. Such a 
sequence may at times be observed with great distinctness, the parts 
beating in the following order—ventricles, great veins, auricles. _ 

When a ventricular beat occurs in sequence to an auricular beat, the 
strength of the former does not appear to be at all influenced in any 
direct fashion by the strength of the latter. (It is of course well known 
that the auricular beat in the intact heart can indirectly influence the 
ventricular beat, by determining in some measure the distension of the 
ventricular cavities with blood prior to the contraction of the ventricular 
muscle.) 

An auricular contraction appears to induce the occurrence of a 
ventricular contraction—to determine its exhibition at a certain moment 
and not to influence its strength directly. 

The time at which the ventricles contract in the intact heart is 
directly determined by impulses reaching them from the auricles; the 


‘ 
ye 
ck 
a 
aa 
Py 
iz 
« 
aS 
\ 
\ 
foe 
te 
J 
4 
oid 


196 J. A. M°WILLIAM. 


strength with which the ventricles contract is directly dependent on 
the conditions obtaining within the ventricles themselves (e.g. the amount _ 
of explosive material ready, the physical conditions of distension, 
temperature, &c.). A weak auricular contraction does not necessarily 
cause a weak ventricular discharge; there is no necessary relation 
between the contraction force manifested in the « one and the other; 
the contraction is always maximal. 


Propagation of contraction within the auricles. 


‘There has to be considered the question of propagation of the 
contraction process within the substance of the auricles and ventricles. 

In the auricles the general phenomena bearing on this question are 
much of the same character as those described *n cold-blooded animals. 

The auricles do not contract simultaneously at all parts; the process 
of contraction is a progressive one, beginning at the terminations of 
the great veins and thence sweeping over the whole auricular wall. 
Similarly, when the auricles are artificially excited to contract by the 
application of a single stimulus (e.g. an induction shock) applied to 
some limited area of the auricular wall, the resulting beat does not 
assume the form of a simultaneous contraction of the whole auricular 
muscle, but a contraction originating in the stimulated area and thence 
extending in all directions over the whole of both auricles. These facts 
are very apparent in a heart which is acting somewhat sluggishly from 
any cause (e.g. cooling). Moreover, when a reversed beat of the heart 


~ 1s excited (by applying a single stimulus to the ventricles), the auricular 


contraction may often be very distinctly seen to be a progressive one, 
beginning at the lower margin of the auricles at the auriculo-ventricular 
junction, and thence travelling upwards to the great veins. _ 

Hence it would seem that the auricular beat is not 
excited through the instrumentality of a nerve centre 
sending out simultaneous impulses to all parts of the 
auricular muscle. 

The passage of a contraction through the auricular wall seems to 
occur quite independently of the larger nerves. This is indicated by 
the fact that the contraction can travel over a zig-zag shaped isthmus 
of tissue made by several overlapping incisions; it matters not in what 
direction the incisions are carried. Moreover, the free application of 
strong ammonia to all the nerves visible with the naked eye or with 
a weak lens, does not arrest the transmission of the contraction (either 
in the auricles or the ventricles). 
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In a vigorous intact heart well filled with blood in situ, it can often 
be seen that, if one of the auricular appendices is physiologically 
disconnected from the rest of the auricle by crushing, the appendix so 
treated often goes on beating rhythmically and keeps time with the rest 
of the auricular wall. And this happens in circumstances where we 
must regard all vital-connection between the muscle of the appendix 
and the remaining auricular muscle as destroyed—by forcible temporary 
compression with a clamp. The correspondence of the rhythm, exhibited 
by the appendix with that of the auricular wall generally, appears 
to be dependent on the fact that increased tension within the appendix 
caused by the beginning of the auricular contraction, stimulates 
the appendix and determines the occurrence of its beat. Such a 
reason, though explaining the phenomenon just mentioned, would not 
of course account for all the phenomena of propagation in the 
auricles; since propagation occurs perfectly well in an empty heart. 
It is due to the passage of the contraction process over the auricular 
wall either as a simple muscle wave, or as an excitation travelling along 
a nervous network intimately associated with the muscular fibres. 


EXPLANATION OF FIGURES. 


All the tracings read from left to right. 
The marks on the time tracings in all cases indicate half- seconds. 


Piate III. 


Fig. 1. Shows the contractions resulting from the siiecoude application 
of weak and strong shocks to the quiescent ventricles of an excised heart 
(cat). The record was obtained by means of a light lever resting on the 
ventricles, It is seen that the contraction force does not vary according to 
the strength of the stimulus, but is always maximal. The curves marked W 
and S indicate the results of weak and strong shocks respectively. 

Fig. 2. Groups of contractions excited by weak (W) and strong (S) 
shocks in ventricles of a heart (cat) rendered quiescent by vagus stimulation. 

Weak shocks obtained with secondary coil at 14 cm. 

Strong » 40cm, 

Fig. 3. Groups of scateanitons excited by weak (W) and strong (S ) 
shocks applied to the ventricles of a heart (cat) brought to a standstill by 
vagus stimulation. Strength of shocks as in case of Fig. 2. . 

Fig. 4. Same conditions as Fig. 3, excepting that the strength of the 
excitation was more frequently varied, pairs of weak shocks alternating with 
pairs of strong shocks. The same general result is seen. 
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Fig. 5. Tracing from ventricles (cat). A succession of induction shocks 
applied to the ventricular surface beginning at the point marked } and ending 
at the point marked}. The shocks were sent in with varying frequency and 
a series of contractions of similar frequency was excited. It is seen that the 
markedly accelerated contractions are greatly diminished in force; the 
strength of each beat varies according to the degree in which reparation 


from the exhausting effect of a preceding contraction has occurred. 


Fig. 6. Shows the acceleration induced by the application of heat to the 


terminal part of the vena cava superior ‘(cat). The phase of acceleration 


is followed by a “compensatory pause” succeeded by a large ventricular beat. 


IV. 


Fig. 7. Tracing from cat’s heart showing a marked increase in the siza of 
the ventricular beats attendant on a simple slowing of the rhythm by weak 
vagus stimulation, Later the beats become weakened by stronger vagus 
influence. 

Fig. 8. Shows a marked increase in the force of the ventricular beats 
accompanying a simple slowing of the rate of sai coc weak vagus 
influence (cat). 

Fig. 9. Tracing from cat’s heart; shows the SECU resulting from 
the application of heat to the terminal (ostial) part of the vena cava superior. 
The acceleration is accompanied by a marked diminution in the force of the 
individual beats. 

Fig. 10. Shows the occurrence of the reversed mode of contraction, in a 
heart (cat) under inhibitory influence. After the cessation of the stimulating 
current applied to the vagus nerve (indicated by movement of signal) the 
first recommencing beat is a reversed one. 

Several ventricular beats occur without any auricular beats—not only 
without any auricular contractions being indicated on the tracing, but without 
any contraction which could be detected by the careful direct observation of 
the parts at the time. 

Fig. 11. In the early part of the tracing, under vagus influence, two strong 
auricular beats occur without any ventricular contraction at all. The heart 
(cat) was well filled with blood, and the auricular contraction pumped a 
considerable amount of blood into the ventricles without exciting a beat in 
the latter. The more rapid series of ventricular contractions occurring after 
a pause is due to the application of direct stimuli to the ventricular surface. 
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FURTHER RESEARCHES ON THE APPARENT CHANGE 
PRODUCED BY STIMULATION IN THE POLARISA- | 
TION OF NERVE. By GEORGE N. STEWART, MA. 
DSc., Senior Demonstrator of Physiology, Owens iio Man- 


IN a paper in the last pre of this Journal I said, that if we 
stimulate a polarised nerve the effect is in the direction of diminution 
of the positive polarisation. In using the term “ positive polarisation,” 
I did not mean to commit myself to any theory as to what the so-called 
positive polarisation really is. What was meant by positive polarisation 
-was the electromotive force which produces an after-current in the same 
direction as the polarising stream, however that electromotive force may 
be developed. And, when I have spoken of a change in the polarisation 
‘being produced by stimulation, all that has been asserted is that such a 
change has taken place in the polarisation deflection, Whether such a 
change was due to diminution or increase of a previously existing current, 
or to the superposition upon the latter of a new electromotive force 
developed by or accompanying the stimulation, I was not at the time I 
wrote my paper in a position to say. I think I am now sufficiently far 
advanced with the investigation to give a definite answer to the question 
raised, In the present position of the discussion on the existence of a 
true positive polarisation it seemed to me that the — questions 
were not without interest :— 

(1) Can it be definitely shewn that the polarisation of a nerve, be 
it ordinary electrolytic polarisation or be it not, is related to the 
functional activity of the axis cylinder i in such a way that, when the 
nerve is tetanised, a distinct change in the amount of the polariiation 
deflection 3 is brought about ? 

(2) Can it be further shewn that the amount of this change 
depends in a definite manner upon those conditions which are known 
to affect the amount of one or other of the polarisation deflections ? 
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(3) Is the direction of the change constant? © 

Of these questions the first was answered in the affirmative in the 
last paper. There can be no doubt that the stimulation of a polarised 
nerve (at least for the positions of the point of stimulation used in my 
experiments) is accompanied by a change of electromotive force which 
is of a different order of magnitude from the current of action of the 
unpolarised nerve. __ 

To the second question it was answered that the effect increased 
with the intensity of the polarising current, and to a certain extent 
with the time of flow. The general-conclusion was that it was favoured 
by those conditions which favour the positive polarisation deflection. 
The answer to the third question was that, within the limits of my 
experiments, the effect was constant in direction, and in the sense of — 
a diminution of the positive polarisation. 

_ Now Hermann in a striking paper published a few years ago’ 
has attacked du Bois Reymond’s conception of positive polarisation, 
and has suggested that the positive deflection seen after strong currents 
is really the action-stream of the anodic opening stimulation. 

At first sight it seemed unlikely that, if this view were correct, the 
positive deflection, which is supposed to be caused by stimulation, 
should be at the same time diminished by stimulation. Vice versa, ir 
the effect of stimulation was to diminish the positive deflection, it 
appeared improbable that the positive deflection was due to an action- 
stream. The simplest inference seemed to be that there was a true 
positive polarisation indu Bois Reymond’s sense, which was diminished 
by stimulation. Bernstein had previously explained the electrotonic 
variation as a diminution of the polarisation by stimulation, and 
Hermann had accepted this as a necessary factor in the explanation 
although not the whole of it. On the molecular theory nothing seemed 
more natural than that the molecules which had been turned in the 
direction of the current and which yielded the electromotive force of 
the positive polarisation.should, on stimulation of the nerve, recoil more 
into their old positions, thus producing a negative variation of the 
polarisation. It would be necessary to assume that, if the ordinary 


negative polarisation was diminished by the stimulation, it was dimin- 


ished to a less extent than the positive polarisation. 
There was, however, an alternative supposition. Might not an 
altered state of conductivity for the nerve impulse, left behind after the 


1 Phliiger’s Archiv, Bd. 88, 8. 108, &c. 
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passage of a strong current, so affect the progress of the excitation and 
its accompanying negativity, that stimulation at one point of the nerve 
might appear to lessen the effect produced by stimulation at another 
point? Might not the positive deflection caused by a stimulation — 
hemmed in around the anode be diminished by an excitation set up in 
the region of the cathode, but cut off from the anodic area by defects of 
conductivity? In other words, might not the apparent effect on the 
polarised nerve be really due to an action-stream superposed on the 
polarisation deflection ? 

It was clear that no mere increase of the action-stream of the 
unpolarised nerve due to increased excitability produced by the 
current could account for the effect, because it bore a constant relation 
to the direction of the polarising stream. There seems to be little 
doubt in view of Griinhagen’s experiments and more recently those 
carried on in the laboratory of Gad in Berlin, that it is physiologically 
correct to separate excitability and conductivity. Since the 
resistance to the passage of the nerve impulse, which if we wish to be 
pedantically accurate we may define as the reciprocal of the conductivity, 
is almost certainly a resistaice to the setting free of energy and not a 
dissipation of energy, the intensity of the excitation may be considered 
as increasing when it comes to a region of greater conductivity and 
diminishing when it comes to a region of less conductivity. To take 
the hackneyed illustration of a train of gunpowder, let us suppose that 
at certain parts of the train the powder is mixed with indifferent 
material. Those parts will correspond to parts of a nerve where the 
conductivity is lowered. The energy of combustion, it is plain, will be 
less at any cross section of the badly conducting parts than at an equal 
cross section in the good conducting parts. The “impulse”,so to speak, 
will diminish in intensity as it passes through the former, and will 
recover when “it comes to the latter. The intensity, unlike that of a 
current of electricity in a simple circuit, will not be the same at every 
cross section. The amount of the current at any given section will 
depend simply upon the total resistance of the circuit and the E. M. F. 
The amount of the nerve impulse at any section will depend not upon. 
the total resistance, but upon the resistance at the particular section,. 
except so far as the resistance which lies between the section and the 
point of origin of the impulse may affect the intensity with which the 
impulse arrives at the given section. Fig. 1 will illustrate what I 
mean. | 

Let I be the stimulating electrodes, Z,, Z, the common electrodes 
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of battery (B) and galvanometer (G@). The galvanometer circuit is 
— to be closed only after the battery circuit has been opened. 


Fie. 1, 
I 
- 


Suppose the. current passed for a given time in the ascending 
direction, Then immediately on opening let stimulation be made, If 


_ we suppose that the current has so affected the nerve that the nerve 


impulse is greater at H, than at Z,, then Z, will be positive to Z,, and 
we will get a current of action in the opposite direction to the polarising 
current, One thinks at once in this connection of Hermann’s 
“polarisation increment”. But it will be noted that our effect is of — 
opposite sign to hiss Hermann seems to have now abandoned his 
first view that “polarisation increment” was alone sufficient for the 
explanation of the stimulation effect during the flow of the polarising 
stream. That more than one factor is concerned in this effect is 
extremely likely. There may be first a true change in the amount of 
polarisation, secondly a true change of electrical resistance, and thirdly 
a true “polarisation increment”, due to changes in conductivity in the 
polarised nerve. The conception of conductivity given above seems to 
explain very well how the intensity of an impulse may vary as it travels, 
The experiments of which I propose to give a very brief account here 
appear to afford decisive evidence that the conductivity around the 
poles is affected in such a way during the flow of the current, that 
stimulation must give rise to an action-stream in the same direction as 
that of the polarising current; while after the flow such changes of 
conductivity are left behind as must give rise to an action-stream in the 
‘opposite direction when the stimulus is applied at the same point as 
before. In other words, a true polarisation increment must follow in the 
first case, a true polarisation decrement in the second, 

My work was of two kinds :— : 

I. Galvanometrical observations. 

II, Observations on muscular contraction. 
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Both parts are now fairly complete, but as there are still one or two 
points on which I need further experiments, I propose here merely to 
sketch the chief results, leaving the details for another paper. 


I. GALVANOMETRIC OBSERVATIONS. 
A. During the flow of the current. — 


Griinhagen found in 1869 that, when a nerve is traversed by a 
current, the intensity of the current is apparently increased by stimula- 
tion. He explained this as due to a diminution of resistance. 

Hermann, without knowing of Griinhagen’s work, Jedboovered 
the phenomenon, and investigated it more closely. He found’ 

1, That the effect is proportional to the strength of the current 
only within a very limited range. 

2. As the strength of the current is increased, the effect of stimula- 
tion on the side of the cathode diminishes rapidly and ultimately falls 
out altogether. 

- 8. With stimulation on the side of the anode the effect goes on 
increasing, but not in proportion to the increase of the current. He 
was not able to determine whether there was a limit beyond which it 
did not increase. 

4. A current sent transversely through the nerve is not affected by 
stimulation. 

- T have been able to add to these results the following :— 

1. When stimulation is made on the side of the anode, the absolute 
amount of the effect increases to a certain extent with increase of 
current; then reaches a — diminishes, dnd finally passes through 
a null value. 

2. The intensity of current which corresponds to the maximum of 
the curve for stimulation on the side of the anode lies near that which 
corresponds to the minimum (null value) of the curve for stimulation on 
the side of the cathode. 

8. Neither of the curves has a negative course below the abscissa 
axis for any intensity of stimulation used by me. | 

Both curves are near their origin straight lines, This part of the 
anodic curve is longer than the corresponding part of the cathodic. 
‘With a moderate stimulus the cathodic curve in one experiment reached 


1 Pfliiger’s Archiv, Bd, x. 1875, 8. 215, &c.; Bd. x11. 1876, §. 151, &c. 
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its null value with an intensity of current of about ,;,555 Ampere, the 
- anodic curve requiring an intensity of ;.,%55 Ampére. The latter value 
is probably too low, because the stimulating electrodes, even when 
placed as far away as possible from the anode, must be within the 
anelectrotonic region with a strong current. 

It is a legitimate inquiry whether the decline of the anodic curve is 

not entirely due to the diminution of excitability at the point of 
stimulation. I have evidence which, I think, conclusively shews that 
this is not the chief cause. 
_ It might further be asked whether the strong currents did not 
permanently injure the nerve, and so make the stimulus ineffectual. 
Special control experiments were made on this point, which enable us 
completely to lay aside this suspicion. 


B. Effect of stimulation-after opening the polarising current. 


This formed the main part of the work. The observations whose 
results have been given under A were accessory. In my former paper’ 
I have given some results on the effect when the whole intrapolar area 
was led off to the galvanometer. From those observations I suspected 
that there would be here a limiting intensity of polarising current 
corresponding to which stimulation on the side of the anode would have 
no effect, while stimulation on the side of the cathode was still active ; 
that in fact, the descending current would leave behind it a condition 
analogous to that produced by the ascending current during its flow. 
And if there was such a limiting value it was natural to suppose that — 
it would be reached continuously, and therefore that, in general, stimu- 
lation on the side of the anode would produce a smaller effect than 
_ stimulation on the side of the cathode. 


Part (1). Intrapolar Area as a whole. 


As in the previous experiments the muscle was left attached to the 
nerve, and the stimulating electrodes were placed at the central end ~ 
except in special cases. 

The result completely answered my expectations. In the very first 
experiment, with a current of 10 Daniells closed for about }” I found 
that not only might the effect of stimulation on the side 


1 This Journal, Vol. rx. No. 1. 
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of the anode pass through a null value but that it might 
change its sign. 

The results of a long series of observations may be summed up 
thus : 

1, When the polarising current is below a certain limit of intensity 
and its time of closure very short, no effect is produced by stimulation. 
(The ordinary negative variation is supposed to be eliminated by 
symmetrical position of the electrodes.) 

2. With increase of strength of the polarising stream or increase of 
time of closure, the effect increases; and beneath a certain limit, it is 
indifferent whether stimulation be made on the side of the cathode or 
on the side of the anode. 

3. Above this limit the effect is less with stimulation on the side 
of the anode than with stimulation on the side of the cathode. Ulti- 
mately the anodic curve reaches a null value, and may apparently run a 
short course on the other side of the abscissa axis. 

‘4. The curve representing the effect with stimulation on the side of 
the cathode probably reaches its maximum with an intensity of current 
which lies near that for which the anodic curve cuts the axis. 

5. If the cathodic curve cuts the axis, its null value corresponds to 
- an intensity of current far above that corresponding to the null value of 
the anodic curve. 

4. is not absolutely certain, The point needs further work. It is, 
however, of considerable interest in connection with the explanation 
offered of those results. As to 5, a current of 12 Daniells closed for 
1” is certainly much below the limit corresponding to the cathodic null 
value, in circumstances where a current of 9 Daniells with the same 
closure time gives no effect with stimulation on the side of the anode. 
There is little doubt, however, that a weaker current closed for a 
considerably longer time would bring us to the cathodic minimum. I 
am convinced of this from observations in the extrapolar regions. 


Part (2). Differential Investigation of the Intrapolar Area. 


It was important now to see how the different parts of the intrapolar 
area would react to stimulation. If the phenomenon, or part of it, were 
really due to differences of conductivity around the poles, so distributed 
that it was more difficult for the excitation to pass the region of the 
anode than that of the cathode, one would still expect to find that 
stimulation on the side of the anode after strong currents gave a small 
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deflection or none, no matter what part of the intrapolar area was con- 
nected with the galvanometer. For stimulation on the side of the 
cathode the effect might be expected to vary with the — of 
the galvanometer electrodes. 

Fig. 2 shews the arrangements. 


_ E,, E, as before are the electrodes which convey the polarising current. 
E, is also connected with the galvanometer, and Z£, is a third electrode 
completing the galvanometer circuit and variable in position. As before, 
the galvanometer circuit was always closed by the same motion _— 
broke the battery circuit. 

In some experiments the galvanometer was stilted to two 
separate electrodes, which could be placed at different distances from 
each other and from the electrodes of the battery. 


Results. 


1. With stimulation on the side of the anode, after a strong polar- 
ising current, it is indifferent in what part of the intrapolar area the 
galvanometer electrodes are placed. The stimulation effect is zero or 
occasionally a small positive deflection. The effect is, in fact, the same 

as that described in Part (1) for the corresponding position of the 
sabasaladine electrodes; and the limiting intensity of current is sensibly 
the same. 

2. With stimulation on the side of the salhode: after a strong 
current, the effect is greatest when one of the galvanometer electrodes 
corresponds with the cathode itself, and the other is placed not far from 
the anode; or when one of the galvanometer electrodes corresponds 
with the anode, and the other is placed not far from the cathode. In 
those circumstances the amount of the effect is not sensibly less than _ 
with the arrangement in Part (1). | 
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b. If the movable electrode (Fig. 2) be gradually brought nearer to 
E,, there is a perceptible diminution in the amount of the effect, but the 
diminution i is not in proportion to the decrease of the distance between 
the two electrodes. 

c. When £, is near £, the effect is much less persistent than when 
it is close to the anode or identical with it. | 


Part (3). Investigation of the Maciek Area. 


“The next step was to see how stimulation affected the extrapolar 
area after the opening of the polarising stream. If the theory of the 
phenomenon‘which has been briefly sketched above were the true one, — 
the anelectrotonic after-current in the opposite direction to the polarising 
stream ought apparently to undergo a negative variation, while the 
cathelectrotonic current should be but little affected unless the polarising 
stream has been very strong, or has been allowed to flow for some time. 
For the assumption, based upon the inuscle contraction experiments to 
be mentioned, is that the conductivity round the anode is much more 
depressed after strong currents than the conductivity round the cathode. 

The arrangement used will be seen from Fig. 3. | 


Fie. 3, 


E,, E,; are the electrodes of the battery; H, is also connected 
with the galvanometer; and £, is the other galvanometer electrode. 
Galvanometer circuit closed after battery is broken. 


1. On the side of the anode the stimulation effect is always in the 


same direction as the polarising current, or in the. Te direction to 
the main after-current. | 
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ee On the side of the cathode the effect is | 
a. in general far smaller than on the side of the seoiles | 
rs with short time of flow it is in the opposite direction to the 
polarising current, i.e. in the opposite direction to the cathodic 
_after-current. 
c. With longer time of flow, even with comparatively seins cur- 
rents, it becomes positive in sign, Le. it has the same direction 
as the polarising stream. 
3. With increased intensity of stream and time of flow the ialtire 
effect on the side of the cathode may assume such proportions as to be 
i the same order as _ on the side of the anode. 


II. EXPERIMENTS ON THE CHANGES OF CONDUCTIVITY PRODUCED 
hs) IN A NERVE BY A GALVANIC CURRENT. | 


A. During thesflow of the current. 
B. After effects. 


Here the muscle contraction was taken as the index of the state of 
the nerve. 


What I wished to determine was the relative influence of the two 


poles, and not the absolute effect of either. It was, therefore, possible 


to neglect the difference of excitability at the point stimulated, between 
the unpolarised and the polarised nerve. It was only necessary that the 
excitability should remain the same for both directions of the polarising 
current. The problem was to find a point within the intrapolar region 
where the excitability would remain the same with the same strength 
of current, whether that current was ascending or descending. If one 
could fix the indifferent point for the two directions, then it would suffice 
to stimulate there. But to fix the indifferent point for each direction of 
every current would be almost a Herculean task, and indeed, for the 
strong currents which I wished to use, it would be impossible. There 
is one point, however, of the intrapolar area which fulfils our condition, 
and that is the middle point. | 

For let the curve of altered excitability be drawn as in Fig. 4 for 
any given current, Let H,, Z, be the anode and cathode respectively, 
0, O’ the indifferent points for the two directions of the current, and 
M the point of bisection of Z,Z,. From M draw a line perpendicular 
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to EE, to cut the curve a0cb inc. Now rotate the curve round Me 
as an axis through two right angles, Mc being kept fixed in the plane 
of the paper. It is clear that the new position of the curve will 


‘Fie, 4. 


be a'O’cb’. O’ will be a point on it because MO’ is equal to MO. On 
Pfliiger’s theory if a0cb represents the curve of altered excitability for 
the ascending current, a’O’cb’ will represent it for the descending 
current, and, the ordinate corresponding to M being unaltered, the 
excitability at M must be the same for both directions. This proof 
is rigorously true if the stretch of nerve E,H, be homogeneous 
throughout in regard to those conditions which affect excitability. 
It would not be rigorously true, if the piece of nerve varied in its 
diameter and therefore the polarising current in its density, nor if the 
unpolarised nerve varied in its excitability. For our experiments 
the excitability would be approximately the same at M for both 
directions of the current. I shall omit here the details of the arrange- 
ment by which it-was insured that the stimulus should be applied 
very near the middle point. The stimulus was generally electrical, 
sometimes chemical. I have just begun to repeat the work with 
mechanical stimulation. | | 

It is clear that the difficulties of using induction shocks during the 
flow of the current in the intrapolar area are somewhat formidable. 
Experimenters of some repute, it is true, have calmly placed electrodes _ 
from secondary coils between the electrodes of their battery.and pro- 
ceeded to investigate electrotonic effects, as if Ohm’s law did not hold 
in physiological laboratories, and short-circuiting was not. I was very 
desirous of using induction shocks, and considering their high electro- 
motive force, I thought that it would probably be easy to introduce 
sufficient resistance into the secondary coil to prevent more than a very 
small fraction of the polarising current from taking that course, while 
still leaving the stimulus efficient. I have found that a shock strong 
enough for most purposes can be got from a small coil with 600,000 
ohms resistance in. This resistance is generally from 70 to 100 times 
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~ that of the piece of nerve between the stimulating electrodes ; or more 


when the distance between the latter is made very small. 

A small part of the induction shock will tend to pass outside the 
electrodes through the nerve and battery circuit. To reduce this as 
much as possible, extra resistance was introduced into the polarising 
circuit, and extra electromotive force to compensate for this. 

I venture to think that most of the objections to electrical stimula- 
tion in the intrapolar region have in. this way been met, and that 
at least no serious fallacy has been introduced into the results by 
its use. 

For stimulation after the opening of the polarising current the 
middle point was also used. The very same reasoning applies to it 
now as before. If the curves which represent the change of excitability 


_ after the opening of the current are at any given time symmetrical, 


the middle point will have the same excitability for both directions 
of the current, It is necessary that the stimulus should be applied 
at the same interval of time from the closure, or from the opening for 
the two directions, 


Results. 
A. During the flow of the polarising current. 


1. For currents above a certain limit of intensity a strength of 
stimulus can always be found which produces contraction of the muscle 
when the current is ascending, but no contraction when it is descending. 
If the stimulus be increased, contraction is produced with both directions — 
of the current, but that with the ascending current is the greater. 

2. For currents below this limit, a strength of stimulus can be 
found which causes contraction with descending current, but not with 
ascending. 

3. With the weakest currents no influence of the direction of the 
current on the contraction can be observed. 

1 Daniell, under the conditions of our experiments, was generally 
the limit above which Result 1 held. When 2 or 3 Daniells were used 
the difference between the strength of stimulus needed with the two 
directions was very marked. Ultimately, with currents of 10 or 12 
Daniells, the strongest stimulus produced no contraction with either 
direction. Of course the excitability of the middle point would be 
different for each strength of current, and with the strong currents it 
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would be deep in anelectrotonus. The relative effect of the two poles, be 


however, when placed between the stimulus and the muscle, would not 
be affected by this. Result 1 was quite constant; so was 3. Result 2 
varied somewhat. The closer discussién must be left over. 


:B. After effects of the current. 


Sees it was not necessary except for purposes of comparison to have 
extra resistance in the battery circuit. Only on account of the polari- 
sation current was it needed in the secondary coil, 


Results. 

1. With a very short time of closure of the polarising current a 
stimulus can always be found which produces contraction as soon as 
the descending current has been opened, but which does not produce 
contraction for some time after the ascending current has been opened. 
A stronger stimulus will produce contraction at. once after both direc- 
tions. 

2. When the strength of the current or the time of closure or both 
are increased, the time comes when a stimulus can be found which 
produces contraction after either direction of the current, but not for 
some time after opening. In this case contraction is caused in a 
shorter time after the descending than after the ascending current. 

3. When an interval has existed during which the stimulus has 
been inoperative, the muscular contraction does not reach the original 
height which it had with the unpolarised nerve, for some time after the 
stimulus has again become effective; and this time is longer after the 
ascending than after the descending current. 

4. The stronger the stimulus the shorter is the interval between . 
opening the current and the appearance of contraction. 


Conclusions. 


- The conclusions I draw from the muscle contraction experiments are 
that with currents above a certain low limit— 


1. During the flow of the polarising stream the conductivity 
around the cathode is less than that around the anode, 


'2. After the opening of the polarising stream the conductivity 
around the anode is less than that around the cathode. | 


There is therefore on opening the current 4 reversal of the relations 
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of the two-poles as regards conductivity. The analogy of this’ to the 
abrupt reversal of their relations as to excitability does not need to be 
pointed out, 


Application of those sinthielaii to the explanation of the pelcummatri 
observations. 


_ Take first the effect of stimulation after opening the polarising 
current. By referring to Figs. 1, 2 and 3, it will be seen that there is not a 


_ single result which Conclusion 2 does not explain. I do not think that 


anybody who considers how the effect varies in the intrapolar area as a 
whole with direction of the current, when stimulation is made at a 


_ fixed point ; how it varies in the parts of the intrapolar region according | 
to their distance from the anode or the cathode, but especially according 


to the side on which the stimulating electrodes lie; above all, how it 


appears in the extrapolar area in great strength upon the side of the 


anode, feebly and sometimes failing altogether on the side of the 


cathode with the short time of flow, but gathering strength as the time 


of flow is lengthened—I do not think that anybody who considers all 
those things will for a moment suppose that the effect is, entirely or 
mainly, an effect upon the polarisation of the nerve. 

We put forth two hypotheses at the beginning of this sketch to 
account for the phenomena. The results have decided between them, 


I think indubitably in favour of the second. That there may be, in 


addition to the action-stream produced by differences of conductivity, 
some small direct effect on polarisation, I am not prepared to deny; 


although experiments made with an artificial cross section of the nerve 


on one electrode seem to shew that the stimulation deflection never 
exceeds the amount of the full action-stream. 

Now for.the case where the polarising current is flowing. 

Conclusion 1 is in entire accordance with Hermann’s first explanation 
of his results, and also with those by which I have perhaps somewhat 
extended his work, That other things, as has been pointed out, may 
mix themselves in here is exceedingly probable. 

As there are one or two points in the behaviour of the extrapolar 
electrotonic variation which are of interest from our present standpoint, 
and have not been sufficiently worked out, I hope to be able to bring 
those into relation with the rest of the subject, of which a complete 


account will be given in my next paper. This will include the numerical 


results, which are at present in the hands of the Dean of the Medical 
Faculty of the University of Edinburgh. 
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THE ELIMINATION OF AROMATIC BODIES IN FEVER. 


By J. §. HALDANE, MA. M.B., Physiological Laboratory, 
Ozford. 


Wirain the last few years it has been shewn that a ‘aii of bodies 
belonging to the aromatic series are formed during putrefaction of 
proteid material. Among the best known of these are phenol, cresol, 
indol, and skatol. We also know from numerous experiments that 
bodies of this series are as a rule extremely resistant to the oxidative 
processes occurring within the organism. When introduced into the 
body they reappear again in the urine relatively unaltered. Hence it 
follows that, in the case of changes analogous to putrefaction occurring 
in the body, among the specific products of such changes most likely to 
be found in the urine are the aromatic compounds, As a matter of 
fact it has been conclusively shewn that in certain cases where proteid 
material is undoubtedly putrefying in large quantity within the body 
the amount of various aromatic compounds eliminated in the urine has 
been largely increased. For phenol and cresol this increase has been 
shewn to occur in the case of strangulated hernia, artificial stoppage 
of the small intestine’, and peritonitis*, under which conditions there 
is of course a great increase of the putrefactive changes occurring 
normally in the intestine. A similar undoubted increase occurs in cases 
of putrid empyema, putrid bronchitis, &c.* 

It thus seemed possible that in the specific fevers, which are 
presumably due to processes in the bluod and tissues akin to putrefac- 
tion, a like increase might occur. In the paper just referred to, published 
-in 1881 in the Zeitschrift fiir klinische Medicin, Brieger gives the 
results of a number of observations on the elimination of certain 
aromatic bodies in various diseases, including fevers. One of the most 
interesting conclusions which he drew from his analyses was tliat there 


1 Salkowski, Centralblatt f. d. med. Wiss., 1876, p. 818. 
* Brieger, Zeitschr. f. i cea Chemie, Mt. Pp. 241; and Zeitschr. f. klin, Med. m1. 
p. 465. 
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is an increased elimination of phenol in scarlet fever, diphtheria, 
erysipelas, and pyaemia; and he considers that these diseases may be 
grouped together as putrefactive diseases (“ Faulnisskrankheiten ”). 

If Brieger’s conclusions were correct it is clear that they would 
afford a new insight into the nature of the diseases in question, and 
possibly even give some hint as to the reason why a fever cures itself 
after running a certain course. For the stoppage of the disease might 
conceivably be due to the heaping up within the organism of putre- 
factive products unfavourable to the further growth of the fever germ, 
just as fermentation outside the body may be brought to a standstill by 
the formation of bodies such as alcohol, or phenol, or indol, which act as 
antiseptics. 

It seemed desirable to make further experiments with a view to 
controlling Brieger’s results, and the following observations were 
made by me at the London Fever Hospital with this end in view. 
Although the results obtained are perfectly definite so far as they 
go, I had hoped to have an opportunity of extending them further, 
and therefore their publication has been considerably delayed. I am 
indebted to the Visiting Physicians, Dr Cayley and the late Dr 
Mahomed for permission to work in the London Fever Hospital and 
to the Resident Physicians, Dr Hopwood and Mr Fowler, for much 
assistance in my work. 

The first question to be decided was whether the method of phenol | 
determination employed by Brieger was a sufficiently accurate one. His 
method was to add 5°/, of strong sulphuric acid to the day’s urine and 
distil until there was no further precipitate with bromine water in the 
distillate. Excess of bromine water was then added to the whole 
distillate, after filtration, and the precipitated solution allowed to 
stand, covered, for two days. The precipitate was then filtered off in a 
weighed filter paper, washed, dried over sulphuric acid, and weighed. 
The bromine water precipitate, as was shewn by Baumann and Brieger', 
is converted into tribromphenol after standing for a day or two in a 
solution containing excess of bromine water. 

In the case of human urine the quantity of precipitate obidends:} is 
small, and it seemed likely that its solubility in the distillate might 
considerably influence the result. The following experiment shewed 
that this suspicion was well founded. A quantity of three litres of the 
mixed urines of different persons was divided into three equal portions. 


1 Berichte der deutschen Chem. Gesellschaft, x11. p. 804. 
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The first portion was distilled with 5°/, of strong sulphuric acid until 
the distillate gave no further reaction with bromine water, and the 
phenol estimated as above described. The second portion was con- 
centrated to half its volume, and then treated as the first portion. The 
third portion was distilled with 5°/, of sulphuric acid until the distillate 
had ceased to give even the very delicate phenol reaction with Millon’s 
reagent: the distillate was rendered strongly alkaline by the addition 
of caustic soda, concentrated to about 100 c.c., acidified with sulphuric 
acid, distilled until the precipitate with bromine water in the distillate 
had disappeared, and the phenol estimated as in the other portions. 
The first portion gave ‘039 grammes of tribromphenol: the second °095: 
and the third ‘160. Hence it is clear that the solubility of the bromine 
water precipitate has a very great effect on the results of the analyses. 


Similar results have been published by J. Munk in a paper’ which 


I had overlooked at the time when my experiments were made. He 
found that when urine was concentrated before distillation a much 
larger quantity of tribromphenol was obtained. He recommends that 
human urine should be concentrated to a fifth before distillation. 


It is thus clear that an element of great uncertainty is present in 


bronchitis, where the increase of phenol was unmistakeable. 


the results of analyses conducted after the method employed by Brieger. 
- For, other things being equal, a urine of greater concentration will 
evidently give a more concentrated distillate and therefore a higher 
result than a more dilute urine. Brieger gives the specific gravities of 
the urines examined by him, and I have classified them in the following 
table into five classes, according to their specific gravities, excluding the 
cases of strangulated hernia, peritonitis, putrid empyema, and putrid 


Specific gravity 


Below 1015 


1015-1019 


1020-1024 


1025-1029 


Average phenol in 


grammes 


012 


012 


O13. 


033 


Percentage of cases 
_ in which only un- 
weighable traces of 
phenol were found 


43 °/) 


36 °/, 


33"), 


18"/, 


6%, 


It will be seen that on an average the phenol obtained increases * 


diminishes as the specific gravity increases or diminishes. 
1 Arch, f. Anat. u. Phys. 1880, Suppl. p. 22. 
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The average results obtained i in diseases fever were 
as follows. 


Disease Typhoia| Pneu- "Phthisis Pyaemia| | tubereu- | 
| losis |. 


Phenol in grms.| 010 | 002 | 005 | 069 | 024 | 032 | 074 


Specific gravity | 1017 | 1018 | 1019 | 1020 | 1024 | 1026 | 1026 


In pyaemia and possibly also in erysipelas the high results were very 
probably due to the absorption of phenol from putrefying abscesses, &c. 
The higher specific gravities would fully account for the apparent increase 
of phenol in scarlet fever and miliary tuberculosis. Hence I think that 
not much stress can be laid on gs sae results as regards the point 
under discussion. 

On account of the uncertainty of the method, and also on account of 


the difficulty in obtaining with certainty the whole day’s urine in the 


case of children, I did not estimate the phenol in my own observations, 


but endeavoured to get at the result in a different way. As was shewn — 


by Baumann about ten years ago’, the phenol, cresol, and various other 
aromatic bodies found in urine are not free, but combined with sulphuric 
acid and alkali in the form of ether-like salts. These salts are not 
precipitated in urine by barium chloride unless they have been previously 
split up, which requires the action of a mineral acid. Hence it is easy 
to estimate separately the ordinary sulphates and the sulphates present 
as ether-sulphates, The amount of the latter will be a measure of the 


amount of the aromatic bodies present in the urine. The sulphuric acid 


present in urine is derived almost entirely from oxidation of the sulphur 
present in proteid material, and is therefore a pretty accurate measure of 


the amonnt of proteid metabolism occurring in the body. Hence, other . 


things being equal, the relation of ordinary sulphates to ether-sulphates 
must vary according to the relative amount of phenol, cresol, indol, &c. 
formed in the breaking down of proteid material. The proportion of 
ether-sulphates must be large when the relative amount of aromatic 
bodies which are being eliminated is large, and vice-versa. If there were 


an increased elimination of such bodies in scarlet fever or diphtheria we 


1 Pfliiger’s Archiv, x1. p. 69, and other papers. 
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should expect the proportion to rise accordingly. As a matter of fact it 
has been shewn by Dr Georg Hoppe Seyler in a research’ recently 
published that the proportion rises in the most marked manner when 
extensive putrefactive processes occur either in the intestine or in 
effusions, &c. elsewhere in the body. 

I made a considerable number of observations as to this proportion in 
cases of scarlet fever and several in cases of diphtheria. As regards the 
point under discussion the disease which could be most satisfactorily 
investigated was scarlet fever. In this disease there could be no absorp- 
tion of putrefaction products from putrefying abscesses, &c., as would be 
probable in pyaemia, many cases of erysipelas and some of diphtheria. 
The method of analysis used was that of Salkowski’, which gives re- 
sults practically identical with those obtained by Baumann’s original 

.method. Salkowski precipitates the urine with an equal volume of a 
mixture of one part of saturated barium chloride solution and two parts 
of baryta water. The sulphates are completely precipitated along 
with the phosphates. 100 cc. of the filtrate are then acidified with 5 
c.c. of hydrochloric acid, boiled, and digested on a water bath until 
the additional barium sulphate which comes down has settled. This is 
then filtered off, washed, ignited, and weighed. In another quantity 
of urine the sulphates and ether-sulphates are estimated together in 
a similar way. There is a considerable saving of time and trouble by 
using Salkowski’s method. 

The results obtained are given in the following table. The normal 
proportion, according to Van der Velden’, is about one of ether- 

sulphates to ten of ordinary sulphates, 

The general average in scarlet fever, jdadatad from the above table, 
is 1 : 1$°8; for the sixteen cases in which the urine was passed during 

"the fever 1 : 17:0, and for the thirteen in the first three days of 
convalescence 1 : 20°9. These results shew clearly that the elimination 
of aromatic bodies was diminished rather than increased during, and 
immediately after, the fever. So far as the chemical composition of 
the urine is concerned there is thus so far no ground for regarding 
scarlet fever as analogous to a putrefaction process. 

The average of the five analyses made in cases of diphtheria was 

1: 127. Hence in these cases also there was no increase in the 


1 Zeitschrift fir physiol. Chemie, Vol. xm. p. 1, 1888. 
? Salkowski, Die Lehre vom Harn, p. 176. 
3 Virch. Archiv, Vol. Lxx. p. 343. 
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Scarlet Fever. 
Ratio of 80, | 
| of sulphates 
Date to 80, of Remarks. 
ether- 
sulphates. 
1884 
1. 1/8 1: 139 During fever. 
2. 12/9 | 1:123 | During fever. 
: 16/9 1:19°8 | Temp. fell 15th—16th. 
8, 14/9 1 : 13°4 During fever. 
16/9 1: 160 | Temp. fell 15th—16th. 
4. 13/9 1:107 | During fever. 
16/9 See remarks below. 
17/9 1:1:25 | Temp. fell 14th—15th. 
5. 16/9 1:16°6 | Temp. fell 15th—16th. 
6. 20/9 1:99 Temp. fell 19th—20th. 
21/9 1: 123 
25/9 | 1:157 
7; 23/9 1:10 | Temp. fell 22nd—23rd. 
24/9 1: 17:4 
25/9 1 : 42:3 | 
26/9 1: 145 
8, 26/9 1:184 | During fever. 
27/9 1 : 246 During fever. 
29/9 1:22 | Temp. fell 27th—28th. 
30/9 1: 16:7 
1/10 | 1:140 
9. 26/9 1: 152 
27/9 1:185 | Temp. fell 25th—26th. 
10. 30/9 1 : 32°3 
1/10 | 1:346 | Temp. fell 30th—3lst. 
2/10 | 1: 21:1 
11. 4/10 | 1:130 | Temp. fell 3rd—5th. 
5/10 | 1: 243 
6/10 | 1:41°8 
12. 6/10 | 1:20°-4 | During fever. 


~ 


2 
? 
"4 
i 
. 
ua Bi 
b 
% 
ay 
d 


ELIMINATION OF AROMATIC BODIES. 219° 


Diphtheria. 
1: 15:5 | Temp. had fallen to normal, but false 
30/7 1: 14:2 membrane still present. 
31/7 1: 9-2 
1/8 1: 112 Convalescent. 
2/10 | 1: 11-4 
3/10 | 1: 147 False membrane present. 


elimination of aromatic bodies. I had no opportunity of examining the 
urine from cases ending fatally. | 

The fifth case of scarlet fever (that of a girl aged 6) in the above 
table was very remarkable on account of the large amount of aromatic 
bodies which appeared in the urine immediately after the fever. On the 
13th the ratio was 1 : 10°7. On the 16th the urine gave only a very 
slight precipitate of barium sulphate with barium chloride and acetic 
acid, but a dense one ‘on adding hydrochloric acid and boiling. It was 
impossible to estimate the ratio accurately on this day, on account of the 
barium sulphate running through the filter. The ratio next day was 
1 : 125. On both days the indican was also enormously increased, to 
judge from the dense bluish-black precipitate of indigo obtained with hy- 
drochloric acid and chloride of lime solution. Unfortunately the urine on 
the following days was lost. What the cause of the sudden increase in 
the ratio was I was quite unable to discover. The patient had no 
unusual symptoms, such as diarrhoea or rise of temperature, and no drug 
had been administered which could have accounted for the rise. It 
seemed possible that such a large elimination of aromatic bodies might 
give rise to nephritis, but no albumin appeared in the urine at any 
time. 
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ON THE RELATIONS OF MICRO-ORGANISMS TO PAN- 
CREATIC (PROTEOLYTIC) DIGESTION. By VIN- 


CENT D. HARRIS, MD, ann HOWARD H. TOOTH, 


the Physiological St Bartholomew's Hospital.) 


__ In this paper it is proposed to epitomise the results of a series of 
experiments undertaken in the latter part of the year 1884 and extend- 
ing over the two following years, to investigate the relations of micro- 
organisms to pancreatic proteolytic digestion, As however the experi- 
ments are by no means completed, the ee must be considered a 
preliminary communication only. 

A. The first point to which attention was directed was to discover 
whether micro-organisms took any part in the formation of 
peptones in the duodenum, (1) To prove that peptone can be 
formed by an unorganised ferment quite independently of micro-organ- 
isms is sufficiently easy. For this purpose we took a small quantity of 
some commercial pepsin (that with which the preliminary experiments 
were made was the pepsin porci of Messrs Savory and Moore) and added 
it to a solution of very dilute hydrochloric acid less than ‘2°/, in flasks, 
containing a quantity of washed blood-fibrin. The flasks and acid solu- 
tion had been rendered aseptic previously to the addition of the pepsin. 
The flasks were carefully plugged with sterilized cotton wool. In a very 
short time at a temperature of 40° C. the conversion of fibrin into pep- 
tone took place, little remaining but a small amount of powdery precipi- 
tate. 

This experiment was repeated very frequently with the same result 
viz, that we never found in the digestive fluid any active micro-organ- 
isms, although we kept the flasks for a long period, extending over 
months, and the amount of peptone did not diminish. The digestive 
fluid too did not appear to contain living spores, since when agar-agar 
or gelatin tubes were inoculated with it, no cultivation of micro- 
organisms took place. This result is, of course, in accordance with the 
well-known fact that the great majority of micro-organisms require an 
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néatral, inediam for their growth aid: iultiplication: 
neutralisation however decomposition rapidly occurred, when micro- 
organisms were introduced by our unplugging the flasks, with speedy 
production of ill smelling bodies. We were unable to produce decompo- 
sition of the peptone by the introduction of various kinds of micro- — 
organisms (to be presently mentioned) as long as the solution was acid. 

Our experiments undoubtedly confirmed the truth of the general 
belief, which strangely enough has been hitherto received almost without 
proof, viz., that spe tina. omnes need not take any part in gastric 
digestion. 

This however by no means proves that micro-organisms do not under 
certain circumstances take part in it, neither does it prove that there are 
no micro-organisms which can live in and decompose an acid digestive 
fluid. 

(2) Our experiments to prove the converse proposition, namely 

that micro-organisms are competent of themselves to convert proteids 
into peptone, have been very unsatisfactory and this in spite of definite 
assertions of various observers that the action is well known and easily 
demonstrable. Thus Klein (Micro-organisms and Disease, chap. XVIII.) 
states that this is one of the well proved putrefactive actions of micro- 
organisms which he says are of these three classes “namely the chang- 
ing of proteids into soluble peptones ; then the splitting up of these into | 
leucin and tyrosin ; further the decomposition of these and other crystalli- 
zable nitrogenous bodies into comparatively low compounds.” __ 
_ We have endeavoured to demonstrate this first action with different 
proteids, e.g. white of egg, meat juice and fibrin, and with free exposure to ~ 
the air, but with little success. The proteids speedily decompose, but 
as far as we have found, not with the production of true peptone. 
Soluble bodies akin to parapeptone or albumose however have been 
noticed. The conclusion we thought we were justified in coming to on 
the matter was this, either that the peptone stage in putrefaction is 
very short and ill marked or that, in order that it should occur, a special 
micro-organism, or micro-organisms, absent in our experiments are 
required. From other experiments presently to be cited the latter 
supposition appears to us to be most plausible. A more detailed 
account of this ve action of micro-organisms is much to be 
desired. - 

(8) The experiments which we undertook to ascertain sihesbae 
trypsin can act independently of micro-organisms according to the 
usually received idea, were first of all conducted with very careful anti- 
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septic. precatitions in the Physiological Laboratory of St Bartholomew’s 
Hospital and they were repeated so often without satisfactory results 
that we were disposed to come to the same conclusion as another worker 
in the same laboratory, namely that the position of the work room over- — 
looking the Smithfield Haymarket was unsuitable for our purpose and 
we therefore used in all future experiments a cellar beneath another part 
of the school buildings which was very kindly placed at our disposal by 
Dr Russell. To sum up this series of experiments which extended over 


many weeks, it may be said (a) that we were quite unable to exclude 


the appearance of micro-organisms in self-digested pancreases, removed 
from various animals under the most careful antiseptic precautions as — 
was done by Kiihne in his original observations. Indeed on micro- 
scopical examination of scrapings of pancreases removed under careful 
precautions we generally found a certain number of micro-organisms in 
each scraping. In one case for example in a pancreas taken from a 
small rat (with antiseptic precautions) and allowed to undergo self- 
digestion in a sterilized solution of bicarbonate of sodium at 38° C. a very 
remarkable growth of sarcinae occurred. 

After a very extensive trial we came to the conclusion that we could 
not exclude micro-organisms in pancreatic digestions under ordinary 
conditions of experiment and that we could not therefore follow Kiihne 
in the experiments he described some years ago. In these experiments 
however we noted one invariable result, namely (6) that although in 
plugged test tubes and flasks after we had endeavoured to exclude the 
micro-organisms they invariably appeared, yet the digestive action never 
went beyond peptone; we were never able to obtain leucin, tyrosin 
or indol under these conditions, At the conclusion of these experiments, 
because of the constant presence and growth of micro-organisms in 
pancreatic digestive fluids, we were strongly inclined to believe that 
the conversion of proteid into peptone was partly carried on by them in 
such digestions; this belief on further experiment we afterwards found 
reason to modify. 

(4) Having given up the idea of: producing a perfectly sterile 
digestion of the pancreas and aseptic pancreatic digestive fluids in the 
ordinary way, we determined to try the effect of antiseptics which 
prevent the growth of micro-organisms if they do not altogether destroy 


them, Of these we used the following (a) mercuric chloride 1 to 2 °/,, 


(b) carbolic acid -24°/,, ‘5 °/, and 1°/, solutions, (c) thymol up to 1:25 °/,, 
(d) sulphate of quinine 1 °/,, (e) salicylate of sodium, (/) iodine. 
The preparations containing the ferment we used were (excluding the 
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glands of small animals) the glycerine extracts of the pancreas of the dog , 
the cat (very inactive) and the pig (very active both with and without 
slight acidification with acetic acid), as well as the commercial extracts ;— 
Liquor Pancreaticus (Benger), Extractum Pancreatis (Fairchild) and 
Pancreatin (Savory and Moore). 

The alkaline solution in all cases was a 1°/, solution of carbonate of 
sodium (obtained by heating the bicarbonate to redness), made with 
recently distilled water. 

The proteid used was fibrin from bullock’s blood, freed from blood 
and boiled for some time ;—in a number of instances boiled in a 1°/, 
solution of mercuric chloride. The incubator was kept at a temperature 
of 37—40°C. The cellar in which the experiments were made was 
perfectly quiet and the air in it was found by experiment to be com- 
pure. 

(a) In the experiments done with mercuric chloride no peptone 
was appreciable, but there were no micro-organisms. A precipitate 
formed (probably an albuminate of mercury) which seemed to prevent 
the action of the ferment perhaps by carrying it down with it. 

Note. If liq. pancreaticus (Benger) be treated with HgCl, 
1°/, solution to } of its bulk and the precipitate be filtered 
off, and then a little more HyCl, be added, the filtrate will 
digest fibrin, but slowly, with no development of micro- 
organisms. 

In every case in which mercuric chloride was used, there was neither 
formation of indol nor putrefaction, even when the solutions were kept for 
many weeks. 

(6) Experiments with carbolic acid. The most effective anti- 
septic after mercuric chloride used in these experiments was un- 
doubtedly carbolic acid, but we did not get absolutely satisfactory 
results until the strength of the solution was 1°/, With this strength 
and until the strength exceeded 2°/,, no micro-organisms whatever were 
developed and the rapid action of the ferment was not in the 
slightest degree interfered with. The formation of peptone was 
rapid and certain. A drop of the solution could not be made to. grow 
_ any micro-organism when placed on a suitable nouriShing material— 
solutions remain pure and sweet for months, but a remarkable rich 
brown colouration of the fluid appeared. 

(f) Experiments with iodine. Iodine solutions in ) gradually 
increasing strengths were employed, but they appeared neither to inter- 
fere with the digestion nor to prevent the growth of micro-organisms. 
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_. The above experiments. with anti-septics demonstrated without 
possibility of error that peptone can be rapidly formed from. proteids by _ 
the action of the pancreatic ferment, without the aid of micro-organisms. 
This confirms the idea generally held: upon this subject, but we are 
unaware of previous experiments exactly on the same lines. That 
pancreatic ferment is able to convert proteids into peptone without the 
aid of micro-organisms is no proof of course that micro-organisms do not 
assist in the action in the intestine. 

B. The second point to which our attention was deathad was to 
the formation of leucin and tyrosin in pancreatic digestions.. 
Our experiments have been inconclusive. We have never been able to 
obtain an appreciable amount of leucin and tyrosin, unless micro- 
organisms have been also present. Moreover in our carbolic acid 
digestion fluids, after the digestion had been allowed to go on for months, 
we could obtain no appreciable amount’ of leucin and tyrosin. We 
would here direct attention to the unsatisfactory nature of the qualita- 
tive tests for both of these substances. We have had to rely almost 
entirely upon the microscopical examination of the crystals to detect 
these bodies in small amount. 

So far our experiments would lead us to ‘believe either that the 


_ presence of carbolic acid, which does not interfere with the first part of 


the tryptic action, prevents the second, or, and this appears to be the 


most plausible supposition, the formation of leucin and tyrosin depends 


in part at all events upon bacteria, It is possible that further ongeni- | 
ments will demonstrate our error, 

C. The third point of our experiments was as to the production 
of indol and its allies in the alimentary canal, and its 
relation to pancreatic digestion. The formation of indol (C,H,N), 
methindol or skatol (C,H,(CH,) N) as some of the ultimate substances 
obtained in the digestion of proteids in the alimentary canal, has been 
for many years believed to be due to micro-organisms. The most 
elementary experiment with pancreatic digestive fluids is sufficient to 
demonstrate the ease with which indol may be made to appear in such 


- fluids. Indol may also be produced by direct decomposition of proteids 


by means of alkalies when heated to a high temperature, or by super- 
heated steam. Skatol has been stated to be formed in the pateeiaction, 
of proteids. 

In our experiments we have found that indol may not be a product 
of pancreatic digestion even although swarms of spree are 
present. 
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(The following. test for indol has been used in these experiments. 
The fluid supposed to contain it is slightly diluted with distilled water 
and acidulated with dilute sulphuric acid. It is then boiled und to it is 
added a drop or two of a recently prepared solution of nitrous acid. If 
indol is present a red colour develops either at once or after a slight 
interval. The colour is rather more yellowish red than the biuret: 
peptone reaction. In seeking for the presence of indol by the chemical 
test, we have found that the supposed characteristic odour is a very 
untrustworthy guide, since on the one hand intensely offensive odours 
may be present and indol may be absent and, on the other hand, the 
odour may be absent and indol may be present. 

In the following propositions, we may epitomise shortly these results 
of our work with reference to the production of indol. : 

(1) That the appearance of indol and its allies in alkaline pan- 
creatic fluids is very capricious-and may be easily prevented. For a 
considerable time in plugged flasks it may not appear, no other precaution 
but plugging the flasks having been taken, and cca anaione being 
present in large numbers. — 

(2) That i in unplugged flasks, if the smallest amount of mercuric 
chloride or of carbolic acid is present, it does not appear, even a 
the fluid be not aseptic. 3 

(3) That the likelihood of the appearance of indol is greatly in- 
creased if the proteid used is uncoagulated by boiling and if it is 
present in considerable excess. 

(4) That whenever indol is present in alkaline digestive fluids 
swarms of all sorts of bacteria aré also present, but in every pancreatic 
digestive fluid exposed to the air unless strong antiseptics are used, 
swarms of micro-organisms are present, but indol and its allies may not 
be present. 

The above results appeared to indicate that indol is formed in some 
special manner and that it does not arise haphazard as it were 
whenever proteids are decomposed in an alkaline fluid. It appears very 
probable that there are special indol-forming micro-organisms, 
in the absence of which the body does not appear. 

To endeavour to prove this we performed two series of experiments. 
As however these are inconclusive and require to be repeated vi we will 
merely give a bare outline of our method. 

(a) To obtain a cultivation of the micro-organisms which ca 
indol, we procured an indol containing digestive fluid, and inoculated | 
gelatin-peptone tubes with it. In a day or so we obtained a 
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cultivation which shewed small bacilli and micrococci. This cultivation 
when introduced into a solution of pure peptone in a plugged flask pro- 
duced in a short time a well marked formation of indol, as it did also 
when introduced into pancreatic digestion fluids. i 
After a long trial we obtained a pure cultivation of the bacilli by 


_ the fractional method. We found however that this pure cultivation 


no longer produced indol in peptone solution nor yet in pancreatic 
digestion fluif&. We are therefore obliged to repeat these experiments. 
It may be of course that two micro-organisms are required for the 
formation of the body we are experimenting with. 

(b) To obtain a cultivation of the micro-organisms from the 
intestine, which produce indol. We killed a healthy cat and in- 
oculated a number of agar-agar peptone test tubes with the mucus 
from various parts of the intestine, obtained by inserting a. platinum 
needle through small incisions made in the intestinal walls, anti- 
septically. We obtained cultivations in all cases and invariably found 
indol when pure peptone solutions were inoculated with the cultivations. 
We reserve any further account of the micro-organisms until another 
occasion. 

From what is indol derived in the alimentary canal? It appears 
from the result of our experiments that it is formed from the pure peptone 
and not from leucin or tyrosin, We have endeavoured to obtain it 
from the last two bodies but without success, and it certainly appears 
that when they are present in large and appreciable amount in pancreatic 
digestive fluids that indol is absent. Moreover we have taken alkaline 
solutions containing leucin and tyrosin and have inoculated them with 
micro-organisms potent to produce indol in digestive fluid without any 
production of indol. It seems likely therefore that the formation 
of indol and its allies in the alimentary canal below the 
stomach is an alternative course for the excretion of nitrogen 
to that by the formation of leucin and tyrosin, and that its direct for- 
mation from peptone (? antipeptone) is highly probable. 
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NOTE ON THE ELASTICITY-CURVE OF ANIMAL 
TISSUES. By CHARLES S. ROY, MD. FRS. (PL V,) 


~ From the Cambridge Pathological Laboratory. 


IN a paper on the elasticity of the arterial wall, which appeared some 
years ago in this Journal, I stated that my observations on the longi- 
tudinal elasticity of animal tissues made it impossible for me to agree 
with the views held by Wertheim and some others, that this curve 
is a hyperbola. 

To avoid being misunderstood, I may recall the fact that the curve 
in question is obtained by hanging weights on a piece of animal 
tissue of uniform cross sectional area, the curve being constructed 
by taking the weights as the abscissw, the elongations constituting the 
ordinates. In the paper referred to, 1 described an instrument, by — 
which such elasticity curves eam be recorded graphically in what I 
have reason to believe is a trustworthy manner. I took measurements 
of the curves so obtained with as much accuracy as was compatible 
with my more or less complete ignorance of conics, and I came to | 
the conclusion that these curves were neither hyperbolas nor parabolas, 
but something between the two, and I said so in my paper. I have 
been informed that mathematicians do not recognise any simple form of 
intermediate curve between hyperbolas and parabolas. Moreover, I 
could not help recalling the fact that the tissues employed by me in 
my experiments on the subject were for the most part taken from the 
human aorta—necessarily removed some 24 hours or more after death, 
and also that in many cases the vessel was diseased. These considera- 
tions induced me to make a more careful examination of my curves. 

Miss Rose Paget, who is acquainted with conics, undertook, with 
much kindness, to measure out a number of them for me, in order to 
find exactly how far they are, or are not, hyperbolas, parabolas or other 
simple curve. This work she has carried out with great care: and 
conscientiousness,—the method chiefly employed by her being to draw 
three separate series of three or more parallel lines cutting the curve 
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at different parts. The point of each of these a whieh lies exactly 
half way between the points at which it cuts the curve, is then found by 
careful measurement. Lines drawn through these half way points of 
each system of parallel lines ought to converge to a point on the convex 
aspect of the curve, if it be a hyperbola,—or, ought to be parallel if the 
curve be a parabola, and should converge to a point inside the curve if 
it be an ellipse, 

The results obtained by such careful measurement of my curves are 
sufficiently striking. In some cases the curve proves to be really a 
hyperbola,—not, be it understood, approximatively a hyperbola,—or 
something not unlike one,—but an absolutely true hyperbola. 

As an illustration of this, I give a representation of the elasticity 
curve from a bit of rabbit’s aorta, which curve was taken immediately 
after the animal had been killed, and which shows the parallel lines and 
their sectors. It has been reproduced accurately by “ photo-gravure.” | 
I may add also that the measurements of it were made first of all from a 
carefully traced copy of the curve, and that the original curve has been 
re-measured by drawing three other sets of parallel lines as shown on 
Plate V. It can be seen that the convergence of the three lines to 
the point, A, is absolutely exact. In several other of my curves, 
measurements made in this way show them also to be hyperbolas— 
while in others they are not so, being at some parts at least more 
parabolic. These latter tracings, however, were taken either from 
specimens examined as to their elasticity ny hours after death, or 
from diseased aortas. 

My conclusion then is that the elasticity curve of healthy animal 
tissues is a mathematically true hyperbola, and that when in a former 
paper I said it was not so, I was mistaken,—for which error I take this 


opportunity of expressing my regret. 


DESCRIPTION OF PLATE V. 


_ Elasticity-curve from Aorta Thoracica of Rabbit. From strip taken 
transversely. 


Length of strip = 12 mm. 
Breadth of strip = 10 mm. 
‘Abscisse = weights hung on given in grammes. 
Ordinates = elongations which are magnified by lever e 5 times real 
elongations, 
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ON THE NATURE OF FIBRIN FERMENT. By W. D. 
HALLIBURTON, MD., BSc. of Physiology, 
University College, London. 


(From the Physiological Laboratory, University College, London.) | 


NEARLY up to the end of the eighteenth century’ a blood-clot was 
supposed to consist merely of coherent corpuscles. Hewson* (1772) 
was the first who fully recognised that the coagulation of the blood 
was really due to the separation of ‘some substance, now called fibrin, 
from the plasma, Denis* by saturating the liquor sanguinis with 
sodium chloride, obtained a proteid precipitate, which after being 
redissolved in weak saline solution underwent coagulation, To this 
precursor of fibrin he gave the name plasmine. Al. Schmidt‘ separated 
plasmine into its two constituents, both proteids of the globulin class to 
which he gave the names fibrinogen, and hae tees substance: the | 
latter body was called para-globulin by Kiihne’, and serum-globulin by — 
Weyl’, and it is by this last mentioned name that it is now generally 
known, Our further knowledge of these two important proteids has 
been advanced by Hammarsten in a series of masterly articles’, 
Schmidt thought that both globulins were necessary for coagulation, 
and that they united to form fibrin. Hammarsten showed that 
although the presence of serum globulin favours coagulation, that 
_ substance itself-forms no constituent part of the fibrin, fibrinogen being 

the only precursor in the blood-plasma, of the fibrin in the blood-clot. © 

In connection with the question of the coagulation of the blood, 
a knowledge of the properties of fibrin and of its precursors is not 


1 For references to the older writers, see Hewson’s Works edited by Gulliver, | 
p. xxix et seq. 
? Hewson. loc. cit. 
3 Denis. ‘ Mémoire sur le sang,” Paris, 1859, 
4 Al, Schmidt. Archiv f. Anat. u. Physiol. 1861, p. 545. 
5 Kitihne, Lehrbuch der physiol. Chem. p. 174. 
6 Weyl. Zeitschr. f. physiol. Chem. Bd. 1. (1877), p. 77. : 
_ ? Hammarsten. “Ueber das Paraglobulin.” Pfliiger’s Archiv, vol. xvu. p. 447, 
vol, xv. p. 89. ‘ Ueber das Fibrinogen,” vol. xrx. p. 563; vol. xx. p. 431, 
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sufficient; we must also take into account the reason why fibrinogen © 
changes into fibrin when the blood is shed. Hunter regarded coagula- 
tion as an act of life, and connected with the vitality of the blood; 
others considered that it was brought about by the action of the 
atmospheric oxygen on the shed blood, or by the cooling to which the 
blood was subjected after withdrawal from the body, while others again 
assumed that the continual. movement of the blood while in the vessels 
maintained during life its liquid condition’. Hewson again was the 
first to point out that the walls of the living blood vessels exert a 
remarkable influence in restraining coagulation. A vein can be removed 
from an animal, the blood being occluded within it by means of — 
ligatures; on suspending this “living test-tube” in a cool place, 
coagulation does not occur for many hours, or even days, providing that 
the inner lining of the vessel preserves its integrity during that time ; 
the corpuscles subside, and the supernatant plasma on its removal from — 
the vein clots rapidly. Lister, Fredericq, and Briicke have repeated 
this experiment, the latter however using the turtle’s heart instead of 
the horse’s jugular vein which is the vessel usually selected. Briicke 
supposed that the strong natural tendency of the blood to coagulate is 
inhibited by some influence exerted upon it by the living vascular 
walls, Lister on the other hand maintained that the blood has no 
such spontaneous tendency as Briicke supposed, but that it only clots 
when brought into contact with a foreign body: this is the view now 
generally held; we also further know that the presence of’ foreign 
bodies, or other unnatural conditions acts destructively upon the white 
_ blood-corpuscles, and that it is one of the disintegration products of 
» these cells so liberated that is the active agent in converting the 
previously soluble fibrinogen, into the insoluble substance fibrin. The 
chief steps by which this knowledge has been obtained are as follows:— — 
Andrew Buchanan’ showed that “washed blood-clot®’” had the 
‘power of hastening the coagulation of pericardial, and hydrocele fluids, 
fluids which we now know to contain fibrinogen. He. also found that 
those portions of blood-clot which contain the greatest abundance of 
‘colourless corpuscles, such as the buffy coat, have this power to the 


1 For references see Gamgee, Physiol. Chem., p. 42. 

2A. Buchanan, London Medical Gazette, vil, xvui1. (1835), p. 50, and vol. 1. (new 
series) 1845, p. 617. The latter paper was reprinted by Dr A. Gamgee i this Journal, 
“8 Washed blood-clot” consists of fibrin and adherent white corpuscles by 
pres blood considerably diluted with water. 
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greatest extent. He therefore concluded that the coagulant power of 
the “washed clot” depended upon its cellular elements. In the apt: 
comparison which Buchanan made between this action of white blood-. 
corpuscles and that of rennet, the discovery of the fibrin-ferment by 
A. Schmidt was in a certain degree anticipated. The fibrin-ferment, 

the special disintegration product of the white corpuscles, the activity: 
of which induces the formation of fibrin, was prepared by Schmidt’ 
from serum by precipitating it with the serum proteids by means of. 
absolute alcohol; after leaving the precipitate for some weeks or | 
months under alcohol, the proteids were by this means rendered. 
insoluble, while the ferment could be extracted with water from the 
dried precipitate. Schmidt supposed that the action of the ferment 
was to cause a union of fibrinogen with “ fibrino-plastic substance ” to. 
form fibrin: but after Hammarsten’s researches in which he showed 
that “fibrino-plastic substance” (para-globulin or serum-globulin) 
forms no constituent part of fibrin, it is necessary to modify this 
view of the way in which the ferment acts, and to say:—That the 
coagulation of the blood is due to the formation of fibrin 
from a substance fibrinogen which was previously dissolved 
in the blood-plasma: that this change is brought about by. 
the fibrin ferment; and that the fibrin ferment is one of 
the products of the disintegration of the white agence 
puscles that occurs when the blood is shed. 

This is the view of the coagulation of the blood which is now 
generally held, Within the last few years an entirely new theory has 
been advanced by Wooldridge, which can be more conveniently. 
discussed after I have described my own experiments, which confirm 
those of Hammarsten, while at the same time the conclusion to be 
drawn from them somewhat amplifies his theory. My work was 
especially directed to determining the nature of this hitherto somewhat 
shadowy substance, the fibrin-ferment. First, however, let me allude 
to the previous researches which bear upon the special question I -have 
taken up, namely the nature of the ferment itself. 
~ Schmidt himself says but little of the properties of the ferment 
solutions he prepared; he found that the ferment is. precipitated by 
alcohol; that it is not rendered insoluble in water by long exposure 
to the action of alcohol: he however never obtained it free from 
‘proteids, and found that it was most active when the admixture with | 


1 Al. Schmidt. Pfliiger’s Archiv, vol. v1. 1872, p. 413 et seq. 
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proteid was greatest. The proteid with which it was mixed was 
one that was precipitable by a stream of carbonic anhydride, He also 
_ expressly states that he was never able to obtain serum-globulin (fibrino- 
plastic substance) free from ferment*, He found that the ferment was 
precipitated in great measure with the serum-globulin by means of 
catbonic anhydride, and that the serum minus the precipitate of 
globulin, possessed but weak ferment activity in comparison with that it — 
originally had. Aqueous solutions of ferment remained clear on boiling, 
but the specific action of the ferment was destroyed at .a temperature of 
about 70°C. or a few degrees higher. A low temperature (3°—5’) also 
hindered the activity of the ferment which was greatest at about 
the temperature of the body. Ferment solutions lost in activity by 
dialysis. : 

Hammarsten states in reference to the characters of the ferment 
solutions he prepared, that their activity was not lessened by dialysis, 
One would from this observation be inclined to infer that the ferment is 
therefore not a globulin, but to this point I shall return later in discussing 
the conclusions to be drawn from my own experiments, 

Gamgee® was the first who made a definite research upon the 
nature of the fibrin-ferment ; he prepared it by making a saline extract 
of what Buchanan serined “washed blood-clot.” An extract made 
with an 8 per cent. sodium chloride solution, contains something which 
acts upon dilute salted plasma in the same way as Schmidt's ferment 
does; the solution was found to contain a globulin, and the ferment 
action was destroyed by removal of the globulin, Gamgee* himself 
states his conclusions as follows :— 

1. That the principle which confers the property of inducing 

_ coagulation on washed blood-clot is almost insoluble in distilled 
water. 

2. That it is readily soluble in mlvtions. containing moderate 

quantities of sodium chloride. 

3. That circumstances which lead to the precipitation of the ° 

globulins (e. g. dialysis, or saturation with magnesium sulphate) 
diminish in a remarkable degree the activity of the ferment 


solutions. 
4, That active salt solutions are remared inert at a temperature of 
 §6°—58" C, 
1 Al, Schmidt. Pfliiger’s Archiv, vol. v1, p. 459. - 


? This Journal, vol. 11. pp. 145—157. 
3 Ibid., p. 155. 


a 
: 
reg 
A 
a 
3 
3 
: 
ig 


NATURE OF FIBRIN FERMENT. 233 


From these facts the general conclusion is finally drawn that the 
fibrin-ferment is probably a proteid of the globulin class, 3 
_ The question was next taken up by Lea and Green’; they came to 

the conclusion that two fibrin-ferments do not exist, but that that 
prepared from blood-clot is identical with that obtained by Schmidt’s | 
method from serum. They however arrived at a conclusion opposed to 
that of Gamgee, and state that in neither case is the ferment a 
globulin, and probably it is not a proteid at all: they explain Gamgee’s 
results by saying that the ferment is mechanically precipitated with the 
globulin undoubtedly present in the extract of blood-clot. 

They however admit | 

1. That the ferment was never obtained without giving =_ 
proteid (e.g. xanthoproteic) reactions. 

2. That the principle with ferment properties occurring in blood-clot 
cannot be extracted therefrom by water. 

8. That saline extracts of blood-clot lose much of their power of 
inducing coagulation, after dialysis, though not to such a great 
extent as stated by Gamgee. 

These admissions considerably weaken the general conclusions drawn 
by them, and still leave the question open whether the proteid present is 
the true ferment, or is merely an impurity. The chief experiment upon 
which their final conclusion is based is that the alcoholic precipitate 
either of serum, or of saline extracts of blood-clot, contains a substance 
which is not rendered insoluble by long exposure to alcohol, which can 
be extracted by means of distilled water, which gives an exceedingly 
faint xanthoproteic reaction, and which has powerful ferment properties, 
Of these’ facts, the solubility of the ferment in distilled water is 
the most striking, and if correct would entirely settle the question as to 
whether the ferment is a globulin in the negative. But to say that the 
ferment is soluble in distilled water is an incorrect conclusion drawn 
from the fact that distilled water dissolves out the ferment from the 
dried alcoholic precipitate of serum, or saline extract of blood-clot: the 
distilled water dissolves at the same time a certain amount of the salts 
contained in the alcoholic precipitate, and as I shall show later on that 
if these be previously removed, distilled water will not dissolve out the 
ferment from the precipitate, but a saline solution will do so. In a 
later paper, Green* has shown that this explanation is probably the 


1 Ibid., vol. rv, pp. 380 — 386. 
Ibid., vol. p. 354, 
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correct one, and that the supposed pure solutions of ferment he obtained 
were very largely contaminated with calcium sulphate, a salt which aids 
the action of the fibrin-ferment in a very remarkable degree. The purer 
the condition in which, as he supposed, he obtained his solution of fibrin- 
ferment, the greater difficulty was there in destroying its activity by 
boiling the solution; on examining the solutions a definite quantity of 
calcium sulphate’ was found, and ‘heat has of course no influence in- 
lessening the power of that salt to aid coagulation. That is to say, the 
supposed pure solutions of ferment, were not only pure in the sense of 
containing very little proteid, but also contained very little ferment, 
— chiefly of the calcium salt. 

On one other point the results of Lea and Green differ from those 
obtained by Gamgee: viz. the temperature at which the activity of the 
ferment 18 destroyed. Gamgee states that the ferment activity of his — 
saline solutions is destroyed at 56°—58°C: whereas Lea and Green 
confirm the original statement of A. Schmidt that fibrin-ferment loses 
its specific activity at 70°C. My own observations on this question 
accord with those of Schmidt, Lea, and Green: but the difference is 
one of no great importance, as I conceive it is capable of the following 


simple explanation:—Schmidt used solutions of ferment which 


contained very little salt; Lea and Green also dialysed away the greater — 
quantity of the salt before investigating the question at what tem- 
perature the ferment is destroyed; Gamgee on the other hand used 
solutions containing eight per cent. of sodium chloride: doubtless it was 
the presence of this salt that lowered the heat-coagulation of the proteid 
present; it does not matter for the present whether the ferment 
and proteid are regarded as identical or not; it is an undoubted 
fact_ that when the proteid is removed the ferment is removed also; 
sodium chloride as I Have previously shown’ lowers very considerably the 
heat-coagulation of the globulin which can be dissolved out from fibrin ; 
opalescence occurs at about 57°—59°, and a flocculent precipitate at 
60°—65°. When the greater part of the salt is removed by dialysis, the 
heat-coagulation temperature is raised to 73°—75°C. In my own 
experiments I have generally used a five per cent. solution of magnesium 
sulphate with which to make an extract of fibrin: the presence of this 
salt does not influence the heat-coagulation of the proteid, and so tho 
error introduced by sodium chloride is avoided. 

I was myself led to investigate the nature of the fibrin-ferment, as a 


1 This Journal, vol. vim. p. 150. 


j 
A 
‘i 
a 
be 
‘ 
4 
: 
4 
a 
4 
J 
t 
ag 
: ! 


NATURE OF FIBRIN FERMENT. 235. 


sequel to certain experiments, upon the nature of the proteids in lymph- 
cells’, and my general conclusions were published in a preliminary com- 
‘munication early in this year*.’ The object of the present paper is to 
present, the investigations upon which those conclusions rest, in greater 
detail than was possible in the earlier communication, because at the 
time at which that was written many of the experiments were incom- 
plete, The pyincipal result of these researches is:—that the fibrin- 
ferment, whether it be prepared by Schmidt’s or Gamgee’s method, is 
a globulin, derived from the disintegration of the white blood-corpuscles, 
and identical with a proteid I have previously named cell-globulin 
which is the principal proteid contained in the cells of lymphatic glands. 
It will be most convenient first to briefly recapitulate my experiments 
upon the proteids of lymph-cells’; the glands were freed from blood, 
and from’ the investing connective tissue, and the ]ymph-cells extracted 
with: various saline liquids; the proteids in such extracts were then 
examined and separated by the well-known methods of fractional heat- 
coagulation, and saturation with various me: ses — found were 
as follows 
1. A globulin which sande at 48°—50°C. This is present in 
minute quantities only. (Cell-Globulin a.) 
2. A globulin occurring in large quantities which coagulates at 75°C. 
 (Cell-Globulin 8. When I speak of cell-globulin in the later 
parts of this paper it will be mageenind that I am referring to 
this globulin.) 
8. An albumin which sasouianas at 73°C. ; this j is present only in 
small quantities; so far as my saoieinsaie have gone; it seems 
to have the same properties as the albumin in serum which 
coagulates at 73°C. I have however provisionally designated it 
by a new name, which indicates its source; viz: cell-albumin. 
In some few cases a minute quantity of a second albumin coagu- 
lating at 80°C. was found. ; 
4, A mucin-like proteid similar to that described by Miescher‘ in — 
pus, and called hyaline substance by Rovida. This swells up 
into a jelly-like substance with solutions of sodium chloride and 
magnesium sulphate, but not of sodium sulphate. It is disinte- 


I See report of a committee consisting of Professors Schafer, Foster and Lankes-: 
ter, and Dr Halliburton, appointed by the British Association for the purpose of | 
investigating the Physiology of the Lymphatic System. Brit. Assoc. Reports, 1887, _ 

2 Proceedings of the Royal Society, 1888. 

3 Fuller details will be found in the two papers just mentioned. 

4 Miescher. Med. Chem. Untersuchungen (Hoppe-Seyler), p. 441, 
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grated by a temperature of about 50°C. It is precipitated by 
salts like globulins, and like them also is insoluble in distilled 
water. Although it has the physical characters of mucin, it yields 
no reducing sugar after prolonged treatment with acids. The 
following properties would seem to place this substance among 
the class of proteids named by Hammarsten, nucleo-albumins'’ : 
- it is very rich in phosphorus, and yields on gastric digestion an 
insoluble phosphorus yielding residue (nuclein) in addition to. 
 albumoses and peptones. 
' §. Mucin-like globulins similar to this are described by iin 
- marsten' and Paijkull® in synovia and in bile where they 
have long been mistaken for mucin, and in the cells of the sub- 
maxillary gland which contain however true mucin in addition. 
Lastly it may be mentioned in connection with this subject, that 
during life the reaction of lymph glands is alkaline, but after 
death there is generally: within a few minutes a formation of 
-sarko-lactic acid which gives the glands a distinct acid reaction ; 
the presence of acid enables the pepsin (or other proteolytic 
ferment present) which occurs in lymph-glands as in muscle and 
other tissues, to act with the consequent formation of albumoses 
- and peptones. At a temperature favourable to the activity of 
the pepsin (40°C.), the quantity of peptone found in an extract 
of the glands after removing the other proteids by saturation 
_ with ammonium sulphate is quite considerable. 
_ We have thus a formation of acid after death ; the question 
arises is there any simultaneous formation of a solid proteid 
_ substance analogous to myosin, or fibrin? I have found that such 
experimental methods that enable one to study the coagulation 
of muscle or of blood lead in the case of lymph-cells to an aka 
| negative result. 
~ uch is very briefly an account of the results obtained in the 
separation and recognition of the various proteids which can be 
extracted from the cells by saline fluids. From these preliminary 
observations I can now pass on to describe the special experiments 
which bear upon the question of the nature of the fibrin-ferment. It 
= be convenient to discuss these under the following heads :— : 
-L Experiments made to determine the influence of the proteids of : 
1ymph:cells upon the formation of fibrin. 


1 Hammarsten. Zeitschr. physiol. Chem., vol, xu. pp. 163—195. 
2 Paijkull. Ibid., vol. xm. pp. 196—210. 
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II. Experiments performed with Schmidt’s ferment. | 
III. Experiments performed with ferment prepared by Gamgee’s 
method. 

General conclusions. 


|. THE INFLUENCE OF THE PROTEIDS OF LYMPH-CELLS ON 
COAGULATION. 


The experiments by which I have investigated this question, were 
performed with dilute salted plasma. The blood of an animal is received 
into an approximately equal quantity of a saturated solution of sodium 
sulphate; the mixture well stirred, and then allowed to stand in a cool 
place for about twenty-four hours’, At the end of that time the 
corpuscles settle, and a clear salted plasma floats upon them: this is 
removed by a pipette or syphon, and can then if necessary be completely 
freed from all cellular elements by the use of the centrifuge. Such 
plasma occasionally undergoes a small amount of clotting spontaneously 
in spite of the large admixture with salt, if it be left inadvertently for 
some hours in a warm room; but never more than a few strands of 
fibrin form, and on removal of these from, and addition of fibrin-ferment 
to the plasma after dilution, a larger yield of fibrin is always obtainable. 
In some experiments I have employed magnesium sulphate or sodium 
chloride to prevent the coagulation of the blood: but sodium sulphate 
has always in my hands proved the most trustworthy reagent: it also has 
the advantage of not precipitating any of the constituents of the plasma; 
excess of magnesium sulphate always precipitates some of the globulins 
in the plasma; and plasma prepared by the use of the two latter salts is 
often stained with haemoglobin. The fact just stated with regard to the 
precipitation of proteids by the salt I proved by using pure plasma 
obtained by what is called the “living test-tube” experiment from the 
jugular vein of the horse, and which I have described in the introductory 
part of this paper. On mixing equal parts of pure plasma and satu- 
rated sodium sulphate together, there is.no precipitate at all; whereas 
addition of a quarter of its volume of saturated solution of magnesium 
sulphate (which is the quantity generally used to prevent coagulation) 
causes a precipitate. | 

When sodium sulphate plasma is diluted with four to six times its 
- 1 The above statement applies to horse’s blood; in the case of sheep's, rabbit’s and 
cat’s plasma which I have often had to use when horse’s blood has not been obtainable, 
the corpuscles take nearly twice as long to settle satisfactorily. 
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volume of distilled water it coagulates, usually within twenty-four 
hours; sometimes however the period is longer, and sometimes shorter, 
especially if the temperature of the air at which it is kept be above the 
average of winter days. I have found considerable variation in the 
time at which coagulation sets in, in different specimens, as will be seen 
in the experiments to be subsequently quoted. A dilution of the 
plasma with four to six times its volume of water does not cause any 
precipitation of globulin. In some control experiments, I have used 
as a diluent a weak (0°3 or 0°6) solution of sodium chloride... In such 
¢casés coagulation ensues more slowly than if water be used. I have 
found it advisable in more recent experiments always to make such a 
solution of sodium chloride with distilled water; tap-water contains a 
small quantity of calcium sulphate, but still an amount sufficient to 
accelerate the coagulation; this is illustrated by the saat — 
ment, 


The plasma was one which when diluted quickly 
without the addition of ferment. It was cat’s sodium sulphate plasma which 
was diluted to four times its original volume. Diluted with. 0:3 per cent. 
saline solution made with distilled water coagulation, at a temperature of 
40° 0., occurred in 2 hours, 55 minutes; diluted with a saline solution of the 
same strength made with tap-water, coagulation occurred in 40 minutes. 


In some of my early experiments (performed previous to the appearance 
of Green's’ paper on the influence of calcium sulphate on coagulation) 
dilution of specimens of plasma with a weak saline solution gave rise to 
what I then regarded as curiously inconstant results in regard to the 
time at which coagulation set in; in the light of that paper, the expla- 
nation was simple ;° I had fortunately noted on the labels of two bottles 
of saline solution (which I had hitherto used indiscriminately) that one 
was made with distilled water, the other with tap-water. : 

Coagulation of dilute salted plasma, whether the diluting fluid used 
be water or saline solution, is however always slow (especially in the 
case of magnesium sulphate plasma) in comparison with that of 
specimens diluted to a similar extent with a solution of fibrin ferment ; 
and the acceleration so produced is generally taken as one of the — 


— evidences of the presence of fibrin ferment. 


The influence that lymph-glands and their constituents 
have in accelerating the coagulation of diluted salted plasma, may be 


1 This Journal, vol. vim. p. 354. 
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most conveniently stated im the form of a number of propositions, after 
the — of each ‘of which I will quote illustrative experiments ;— 
i, Pieces of fresh lymphatic gland, freed from blood by 
a stieent of salt’solution, and as far as possible from lymph 
y successive kneadings and poundings with salt solution, 
_ when added to dilute salted plasma, hasten its coagulation. 


Experiment. Horse's sodium sulphate plasma was diluted in each case 
to six times its volume, and allowed to stand at the eo temperature 
(12°- 

a. Diluted with ar, Coagulation had not set in 99 hours after- 
wards, when the observation was‘suspended. 

6. Diluted with water, and a few fragments of fresh _ aon also 

_ added ; coagulation occurred in 44 minutes. 


4 | 
i An aqueous extract of-fresh lymphatic gland wee 
the coagulation of dilute salted plasma’. 


Experiment. Horse's sodium sulphate plasma was diluted in each case 
to six times its volume, and allowed to stand at the atmospheric = 
(12°—15°C.). 

_ a. Diluted with water. Coagulation had not occurred 22 hours -~ 
wards, when the observation was suspended. 

6. Diluted with a watery extract of fresh lymphatic glands, Coagulation 

occurred in 23 minutes. 


Experiments such as the two just related however do not con- 
clusively prove that fibrin-ferment is present; pieces of other tissues, 
muscle for instance, cause coagulation equally quickly; a piece of 
muscle free from blood added to the same diluted plasma with which 
the following experiments were performed caused coagulation i in nine 
minutes ; and yet muscle contains no fibrin-ferment. In a previous 
communication® I showed that the substance in muscle-plasma that 
hastens the coagulation of dilute salted blood plasma is rendered inert 
_at 56°, and a comparatively short exposure to the action of alcohol, and 
that it is in fact not fibrin ferment at all, but the proteid named myo- 


’ 17Tt must be remembered in this and similar experiments, that the water dissolved 
not only proteids but also salts from the gland tissues; it would be perhaps more 
correct to speak of it as a weak saline extract. There is nothing new in the observations 
i. and ii.: that fragments of glands act in the way above described was known to 
Buchanan (loc. cit.); Rauschenbach also notes that saline extracts of lymph glands 
hasten the coagulation of salted plasma (Inaug. Dissert., Dorpat, 1882, p. 26). 

2 «On Muscle Plasma.” This Journal, vol. vir1. pp. 176—183. 
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sinogen, that acts in this way. It was therefore necessary to guard 
against a similar mistake in the ease of lymphatic glands. Experiments 
were therefore instituted to determine first, the temperature at which 
the power of an extract of lymph-cells to hasten coagulation is destroyed, 
and secondly whether it be possible by employing Schmidt’s method 
to obtain fibrin ferment from the glands. The results may be stated as 
follows :— 


iii, The power of an aqueous or weak saline extract of | 
fresh lymph-glands to hasten the coagulation of dilute salted 
plasma, is destroyed at about 75°, which is the temperature 
at which fibrin-ferment as prepared by Schmidt’s method 
also loses its activity. 


tees Horse’s sodium sulphate plasma. Diluted as before, Tem- 
perature of the air 12°—15°C. 

a. Diluted with water. This specimen did not clot in 24 hours, : 

b. Diluted with extract of fresh lymph-gland previously heated to 53°C. 
and subsequently cooled to 12°C. and filtered. This specimen clotted 
in 14 minutes, 

c. Diluted with the same extract previously heated to 72°C, and sub- 
sequently cooled and filtered. This specimen clotted in 12 minutes. : 

d, Diluted with the same extract previously heated to 77°C. and sub- 
sequently cooled and filtered. This specimen did not clot in 24 hours, 

é. Diluted with the same extract, previously heated to 77°C, and sub- 
sequently cooled, but not filtered. This specimen also had not clotted 
24 hours afterwards. 


This experiment illustrates the fact that the power of extracts of 
fresh lymph-glands is destroyed at a temperature between 72° and 77°, 
and, as experiment e in particular shows, the ferment is not merely 
precipitated with the proteid that coagulates at 75°C. as the heat- 
coagulum of that proteid is as inert as the extract minus the heat- 
coagulum. 

iv. An extract of the glands, which have been treated 
for some months with alcohol, and subsequently dried, exhibits 
all the characters of Schmidt’s fibrin-ferment. 


Experiments. Cat’s abdominal glands, freed from blood and lymph in 
the usual way, were finely minced and placed under absolute alcohol, May 9, 
1887, (Glands A.) | 

Another cat’s glands were similarly treated, May 10, 1887. (Glands B.) 

A third preparation was made from another cat’s glands, May 12, 1887, 
(Glands C.) 
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On June 10th the alcohol was poured off, and fresh absolute alcohol added 
in all three cases. 


On August 3rd the alcohol was poured off again ; each specimen was well 
washed with absolute alcohol, and then dried over sulphuric acid in a 
desiccator. | 

In October in the same year, each was extracted with warm distilled 
water (40° C.); the extracts may be called extracts A, B and C respectively, : 
The extracts were neutral in reaction, gave no precipitate or only a cloudiness 
on boiling after acidifying with acetic acid; each gave a well-marked 
xanthoproteic reaction, and a small precipitate on saturation either with 
ammonium sulphate, or sodium chloride. Their action upon horse’s dilute 
salted plasma was then tested: the dilution in each case was to the same 
extent as in preceding experiments ; temperature of air 12°—15°C. 

a, Diluted with water. Coagulation did not occur in 24 hours. 

b. Diluted with extract A. 

ec. Diluted with extract B all coagulated under 1 hour. 

d, Diluted with extract C, | 

Diluted with extract A previously heated to 73°0.) all coagulated 
Diluted with extract B previously heated to 73° | under 
Diluted with extract CO previously heated to 73°C. 1 hour. 
Diluted with extract A previously heated to 80° coagulation 


Diluted with extract B previously heated to 80° occurred in 
j. Diluted with extract C previously heated to 80°) 3—4 hours, 


This experiment illustrates that the properties of an extract of the 
glands treated by alcohol are the same as those observed in Schmidt’s 
ferment obtained from serum by the alcohol method; also that the 
ferment activity is lessened but not destroyed at about 75°C. How is 
it that their activity is not wholly destroyed? I consider that the 
explanation is probably that suggested by Green’s paper already 
referred to; namely that there are present in the extract certain salts 
such as calcium sulphate that favour the activity of the small amount 
of fibrin-ferment contained in the diluted plasma. 

I accordingly repeated the experiment. Two preparations were 
made from cat’s glands as before; the extracts were found to contain 
calcium, sodium, and potassium in small quantities, also chlorides, 
phosphates, and sulphates, They were subjected to dialysis into dis- 
tilled water for a week, and filtered, they then gave a mere trace of 
inorganic residue, but they retained to a certain degree their ferment — 
activity, though it was not so marked as before dialysis. 

The following are the details of the action upon dilute salted plasma, 
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of one of the extracts which was rather more active than the otlier ; 1 
the latter however gave similar results. 


: Baperimgnt. Sheep’s sodium sulphate plasma was diluted to four times 
its volume in each case, and allowed to stand at the temperature of the ait 
(19° C.). 

a. Diluted with water. Coagulation occurred in 70 minutes. 

b, Diluted with an extract of lymph-cells from which the greater part of 

the salts had been removed by a week's dialysis, oe occurred 

; in 40 minutes. 

c. Diluted as in b, but the extract had been cation ds boiled. — | 

lation occurred in 75 minutes, 


‘This experiment shows that after the removal of the ite a high 
temperature completely removes all ferment activity that the = 
previously possessed. 

v. Fibrin-ferment prepared in the foregoing bcathad from 
lymph cells causes the formation of fibrin in dilute mag- 
nesium sulphate plasma. | 


Experiment. Magnesium sulphate plasma was prepared by seetling 
sheep’s blood into a quarter of its volume of a saturated solution of ‘mag- 


nesium sulphate. The corpuscles subsided, and the plasma was removed: on 
diluting the plasma with six times its volume of water, it had not clotted 
after 24 hours. Another specimen diluted to the same extent with the 
extract of dried Aymyhatic glands coagulated in 40 minutes. 


vi. Fibrin-ferment prepared in the foregoing method 
from lymph-cells causes the formation of fibrin'in pericardial 


_ fluid. 


A few drops of the extract just referred to caused shen 
added to pericardial fluid (from the horse), the formation of a clot in the 
course of 2—3 hours. The pericardial fluid without this addition did not 
coagulate at all. 


From these experiments I feel justified in concluding that the cells 
of lymph-glands yield as one of their disintegration-products a substance 
which has the same properties as fibrin-ferment. This is a fact which, 
as I have already stated, has been observed by others; it is however 
denied by Wooldridge’: he says that leucocytes from lymphatic glands 
contain no fibrin-ferment, and have no action on Hammarsten’ $ 


Wooldridge. “ Uebersicht einer Theorie der Blutgerinnung. ” Ludwig's Festschrift, 
p. 234, 


+4 
te 
% 
q 
3 
| 
i 


NATURE OF PIBRIN FERMENT. 243 
fibrinogen, nor on salted plasma. He however admits that lymph cells 


are very active in inducing coagulation’, but supposes that they are so, 


not in virtue of any fibrin-ferment they may contain, but because they 
contain lecithin. It is therefore important in upholding a theory 
opposed to that of Wooldridge to re-establish the fact that lymph-cells 
do yield fibrin ferment. In discussing Wooldridge’s experiments later 
on it will be again necessary to refer to this fact, as it completely upsets 
one of the very foundations upon which his theory is constructed. 

The next question which I investigated was whether the ferment 


‘present in lymph-cells is independent of the proteids of the cells, 


or associated with one or other of those proteids, and the result of the 
experiments may be stated in the following proposition. 

vii. A solution of the proteids of the lymph-cells pos- 
sessesan a marked degree the characters of fibrin-ferment. 
An extract from which the proteids have becn tomored 
has no power in inducing coagulation. 


Experiment, Cat’s glands freed from. blood and lymph, were extracted 
with a solition of sodium sulphate made by diluting a saturated solution 
of that salt with ten times its volume of water. This saline solution has the 
advantage of not forming a slimy mass with the cells. 

The extract was saturated with ammonium sulphate, and thus all the 
proteids in it were precipitated. The filtrate (A) was absolutely proteid-free. 
The precipitate of proteids was collected on a filter, well washed with 
saturated solution of ammonium sulphate, and then dissolved by adding 
distilled water: the salt still adherent to the precipitated proteids enabled 
theih to pass into solution which may be called B. Solution A (i.e. thé 
proteid-free filtrate), and solution B (ie. the solution of the precipitated 
proteids), were next subjected to dialysis, in order to remove excess of the 


‘ammonium sulphate. Thymol was added as in other experiments where 
’. dialysis was employed to prevent putrefaction. In the case of solution B the 


dialysis was not carried to such an extent as to cause more than a very 
faint precipitate of the contained globulins. 

These two solutions were then added to cat’s sodium sulphate plasma. 
This plasma on simple dilution with six times its volume of water clotted 
much more readily than in the case of the horse’s plasma used in the 
foregoing experiments, The temperature of the air at which the oxperi- 
ments were performed was 14°C. 

a. Diluted with a solution of fibrin ferment from cat’s ion ineeered 

by Schmidt’s method). Coagulation occurred in 8 minutes 


1 Croomian lecture, Proc. Royal Soc., 1886. - 
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b. Diluted to the same extent with solution A (i.e. the extract of lymph 
cells minus its proteids), Coagulation occurred in two hours; the 
resulting clot was small, _ 

c. Diluted similarly with solution B (i.e. the solution of the proteids 

of lymph-cells precipitated by saturating an extract with ammonium 

sulphate). Coagulation occurred in 2} minutes. 

The same, Coagulation occurred in 3 minutes. 

The same, Coagulation occurred in 2} minutes. 

The same, except that solution B was first heated to 72°C. and then 

cooled. Coagulation occurred in 24 minutes. 

g. The same, except that the solution B was first heated to 80° C. and” 
then cooled. Coagulation occurred in 2 hours, Clot small, — 


We may therefore conclude that the ferment is either identical with 
or associated with one or other of the proteids in the extract. Although 
I do not wish at this point to discuss the question whether the ferment 
is or is not actually identical with a proteid, I may here mention 
an experiment performed with the same extract as that used in the 
preceding experiment, which bears on this disputed point, 

vill, A solution of the proteids of lymph-cells loses very 
considerably in fibrino-plastic activity after the partial 
precipitation of the globulins it contains, which is produced 
by prolonged dialysis, 


Experiment. Some of the solution of the proteids (solution B) was 
subjected to prolonged dialysis, by which means a considerable precipitate of 
globulins was obtained. This was then divided into two parts B’ and B”, 

B’ was filtered, and to it an equal amount of 0°6 per cent. sodium 
chloride solution was added. 3 

B” was not filtered: to it also an equal amount of 0°6 per cent. sodium 
chloride was added, and the precipitated globulin wads by this means re- 
dissolved, 

The activity of these two solutions was then tested with cat’s sodium 
sulphate plasma, in the usual way. 

a. Diluted with B’, Coagulation occurred in 5} minutes. 

6, Diluted with B”, Coagulation occurred in 22 minutes, 

c. Control experiment. Diluted with 0-3 per cent. sodium chloride 

solution, Coagulation occurred in 1—2 hours, 


The activity of the extract is thus lessened but not destroyed after 
dialysis, In this connection it is important to remember that dialysis 
produces only a partial precipitation of globulins; the solution for 
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instance used in the preceding experiment gave after dialysis quite a 
considerable precipitate on saturating it with magnesium sulphate. 

This loss of activity suggests that the proteid with which the ferment 
is identical or associated is a globulin. The ferment activity is also 
associated with one of the proteids in the lymph-glands which is 
coagulated over a temperature of 70°C. Heating up to 70° does not 
affect the activity of a solution of the cell-proteids in the least; therefore 
this activity is not associated with the globulin which coagulates at 50°, 
nor with the nucleo-albumin which is disintegrated at about the same 
temperature. It must be either the cell-globulin (which coagulates 
at 75°) or the cell-albumin (which coagulates at 73°C.); and the indica- 
tion afforded by the dialysis experiments that it is the cell-globulin, was 
fully confirmed on further investigation. The next — may 
therefore: be stated as follows :— 

ix. The ferment activity of a solution of the sekeids of 
lymph-cells, is either due to, or closely associated with the 
presence of cell-globulin: such a solution freed from globu- 
lins by saturation with magnesium sulphate, and contain- 
ing cell-albumin, has no such ferment activity. | 


Experiment. Solution B, mentioned in preceding experiments as the 
solution of the cell-proteids, was heated to 60°C. and filtered ; cell-globulin 
and cell-albumin were the only proteids left in the filtrate. This filtrate was 
saturated with magnesium sulphate: and thus cell-globulin was precipitated. 
It was collected on a filter; the filtrate contained cell-albumin. The 
precipitated globulin was washed with saturated solution of magnesium 
sulphate, and redissolved by the addition of water. There were thus two 
solutions obtained ; one of cell-globulin, the other of cell-albumin ; both were 
freed from excess of salt by dialysis. The effect of these solutions was then 
tested in the usual way on cat’s sodium sulphate plasma. The plasma was 
diluted with six times its volume of liquid, the temperature of the air 
at which the experiments were performed was 14°C, 

a, Control experiment. Diluted with water. Coagulation occurred in 


35—40 minutes. 
‘b, Diluted with solution of cell-globulin. Coagulation occurred in 10 
minutes. 


c. Thesame. Coagulation occurred in 12} minutes. 
d. Diluted with solution of cell-albumin, Coagulation occurred in 90 
minutes ; i.e, even more slowly than when diluted with water, 


In a second set of experiments performed in the same way, the same 
general results were obtained; the only point in which they differed from 
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the preceding being that the solution of cell-albumin did not show the 
delaying action to such a marked extent as noted in d in the last quoted 
experiment. I give the details of the experiments with cell-globulin » and 
cell-albumin obtained in this second series of experiments. 


Experiment. Cat’s sodium sulphate plasma. Diluted in each case with 
4 times its volume of liquid. —— of air at which the ———— 
were performed 15° O, 
a, Diluted with water. Coagulation occurred in 80 minutes. 
b. The same, Ooagulation occurred in 80 minutes, 
c. Diluted with solution of cell-albumin. Coagulation occurred in 90 
minutes, 
-d. Thesame. Coagulation occurred in 95 minutes. 
e. Diluted with solution of cell-globulin. Coagulation occurred in 13 
minutes. 
f. Thesame. Coagulation occurred in 11 minutes. 
In the case of a, b, c, d only a few shreds of fibrin formed. In she case 
e and fa solid jelly was the result. : 


An experiment may also be quoted under this heading to show that 


‘solutions of pure cell-globulin lose their activity at the temperature at 


which that proteid is coagulated, viz. 75°C. 


Experiment. Cat’s sodium sulphate plasma, diluted to the same extent as 
before ; temperature of air 14°C, 

a. Diluted with solution of cell-globulin. Coagulation occurred in 7 
minutes. | 7 

6. Diluted with solution of cell-globulin, previously heated to 75°C. and 
the resulting precipitate filtered off Coagulation occurred in 63 
minutes. 

c. The same except that filtration was not performed. Cosigulation 

occurred in 60 minutes. 


In further experiments the cell-globulin was obtained in a dry 
condition by evaporating its solutions to dryness at a temperature of 
40° C.: drying was completed in a desiccator over sulphuric acid. This 
dry powder behaved just like Schmidt’s fibrin-ferment. It produced 
a formation of fibrin when added to dilute salted plasma, or pericardial 
fluid. When a few particles of the dried powder were added to dilute 
salted plasma, the formation of fibrin started from the particles where 
they had stuck against the side of the tube, finally extending —" 
the whole liquid. | 
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The general conclusions to be drawn from these experiments are the 

following. 

1. That lymph-cells contain a substance that has the power of 
inducing coagulation in the same way that fibrin-ferment does. 

2, That this substance may be obtained from the cells by Schmidt’s 
alcoholic method. 

3. That one of the proteids of lymph cells (cell-globulin) has the 
same properties; that extracts of the cells lose their activity 
when this globulin is removed; and that the temperature at 
which the ferment is destroyed is identical with that at which 
the globulin enters into the condition of an insoluble heat- 
coagulum (about 75°C.) 

4. That cell-globulin and fibrin-ferment are probably either iden- 
tical or closely associated one with another. 


‘Il. EXPERIMENTS PERFORMED WITH SCHMIDT'S FIBRIN-FERMENT. 


After I had performed the experiments just related, the question 
naturally arose, is this cell-globulin the same thing as what has been 
_ termed fibrin-ferment when prepared from serum ? 

I have already stated that the fibrin-ferment solutions as prepared 
by Schmidt gave slight proteid reactions ; Lea and Green also found 
that their solutions gave very faint proteid reactions. So far as I have 
been able to discover there have been no experiments recorded in which 
the solutions did not give these reactions. In my own experiments I 
have also found the same. The proteid reactions are however so slight 
that it is impossible by using Schmidt’s method to identify the proteid 
which is present, or even to name the class to which it belongs. It is 
therefore necessary to concentrate such solutions at a low temperature ; 
in that way the reactions of the proteid which is present become more 
marked, and in fact show the characteristics of a globulin, which 
coagulates at 75°C. but, unlike pure serum-globulin, has to a very 
marked degree the properties of fibrin-ferment; so that. heré again we 
have a globulin which is either identical with, or closely connected to 
the ferment. The details of the experiment are as follows :— 

A large quantity of cat’s serum was taken, and 10 to 15 times its 
volume of absolute alcohol was added to it. The resulting precipitate 
was allowed to stand under the alcohol for about three months: the 
alcohol was then filtered off, the precipitate washed with rectified spirit, 
dried over sulphuric acid, and powdered. On extracting this powder 
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with water, an active preparation of fibrin-ferment as tested both with 
sodium sulphate plasma, magnesium sulphate plasma, and pericardial 
fluid was obtained. The extract gave no precipitate on heating, but its 
ferment action was destroyed by a temperature of 75°—80°C. The 
extract was concentrated at 40°C.; it was then found to contain a proteid 
which was coagulated by heat at 75°, which was precipitable by dialysis, 
or by saturation with magnesium sulphate. The precipitate produced 
by magnesium sulphate was collected, thoroughly washed with a 
saturated solution of that salt, and redissolved by the addition of water, 
the adherent salt rendering it soluble. This solution had very marked 
ferment properties; I quote illustrative experiments of its action on 
salted plasma, on pericardial fluid, and on pure plasma obtained by the 
living test-tube experiment from the jugular vein of the horse. 


On salted plasma. CGuinea-pig’s sodium sulphate plasma. Two portions 
of this were taken, and diluted with four times their volume of liquid in each 
case; one specimen was diluted with 0-3 per cent. sodium chloride solution : 
the other with the same solution to which a few drops of the solution of the 
globulin just described had been added. The former had not-coagulated in 
twelve hours ; the latter coagulated in 42 minutes. 

Sheep’s sodium sulphate plasma. Two portions were treated in just the 
same way. The specimen diluted with a saline solution containing the 
globulin clotted in 70 minutes; the control specimen containing no globulin 
did not clot-for fifteen hours. (Temp. of air 8° C.) 

Experiments similarly performed with sheep’s magnesium sulphate plasma 
gave corresponding results; the diluted plasma without the addition of the 
globulin had not coagulated in 24 hours; the specimen to which the globulin 
had been added coagulated in 40—50 minutes. 

On pure plasma. Pericardial fluid from the horse coagulated on addition 
of a few drops of the globulin solution in two hours at 40°C. 

Vein plasma, removed from the top of the vein, coagulated in a test tube 
in about half-an-hour at the temperature of the air. Another specimen, 
to which two drops of the solution of globulin had been added, coagulated in 
two minutes, 

Vein plasma, from saaihae vein, coagulated after removal in thirty-two 
minutes: while a specimen to which a few drops of the solution of globulin 
had been added coagulated in 15 minutes, 


These experiments demonstrate the ferment activity of the globulin 
precipitate ; the next step in my argument is to show that Schmidt’s 
ferment extract, minus the globulin, has no ferment activity. After 
filtering off the precipitate produced by magnesium sulphate, the 
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filtrate contained the merest trace of proteid, and on dialysing away the 
excess of salt, it was found to have lost all the properties of fibrin 
ferment. It caused no coagulation in pericardial fluid; and no 
hastening of the coagulation of dilute salted plasma. 

I have already mentioned the fact that the globulin present in 
concentrated extracts of Schmidt’s ferment powder, is precipitable by 
dialysis, and by a temperature of 75°C, I have yet to quote 
experiments to show the effect of these two methods of — in 
lessening the ferment activity of the solutions :— 


Effect of Dialysis. This precipitates the globulin as sea on 
filtering off the precipitate the extract is found to have its ferment 
activity lessened, but not abolished. Horse’s sodium-sulphate plasma 
diluted with the globulin solution which had been dialysed, and filtered 
coagulated in 52 minutes. When diluted to the same extent with the 
same solution which had not been dialysed, coagulation occurred in 14 
minutes. 


Effect of heat. Two other portions of the same plasma were diluted 
to the same extent; one with the globulin solution which had 
previously been heated to 70°C. and filtered; this coagulated in 15 
minutes; the other with the same solution which had been previously 
heated to 74°—5°; this did not coagulate for six hours. 

A similar series of experiments was performed with a preparation of 
fibrin-ferment made from horse’s blood, and a third series with a 
preparation made from sheep's blood. The results obtained were 
completely confirmatory of those just related, which were made with a 
preparation of the ferment made from cat’s blood. 

The general conclusion to be drawn from these ccs clineats | is the 
same as those drawn from the experiments on the proteids of lymph- 
cells: viz. that the fibrin-ferment as prepared from serum by 
Schmidt’s method is either identical with, or closely con- 
nected to a proteid, and this proteid has the same cha- 
racters as those already described for cell-globulin. 

The question will be asked, how is it if the ferment is a globulin, 
it can be extracted by means of distilled water from the ferment 
_ powder? I have already (p. 233) indicated the way in which this can 
be explained ; viz.—the water is enabled to dissolve the globulin by a 
portion of the salts, especially sodium chloride, which is present in the 
ferment-powder entering into solution at the same time. That. this 
is the true explanation was shown by the following experiment; in 
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which the salts having been removed by washing and dialysis, a — 
extract no longer possessed ferment activity. 

A quantity of the ferment powder from cat’s blood was subjected to 
prolonged washing with warm (40° C.) distilled water: it was then 
suspended in water and placed in a paper-parchment dialysing tube, 
and dialysed for twenty-three days. Thymol was added to prevent 
decomposition. For the first fortnight, the liquid outside the dialysing 
tube was tap-water, which was kept continually running: for the last 
nine days it was distilled water, changed three or four times every day. 
At the end of this time it was filtered, and the precipitate dried over 
sulphuric acid. It was then found that warm distilled water was able 
to extract only the faintest trace of proteid from the powder, and that 
this extract had little or no ferment action; the extract still gave a 
small precipitate with silver nitrate, showing that the chlorides had not 
been altogether removed. An extract of the same powder with a 03 
per cent. sodium chloride solution on the other hand contained much 
more proteid and had powerful ferment properties. The amount of 


proteid present was judged chiefly by the intensity of the xanthoproteic 


reaction. The watery extract gave only a faint yellow tinge, so faint 
indeed that it was necessary to compare it with distilled water in 
another tube to be certain that there was any colouration. The saline 
extract gave a light orange colour, using the same quantities of extract, 
nitric acid, and ammonia as in the first case. There was also sufficient 
proteid present in the saline extract to give a cloudiness with nitric 
acid in the cold. The ferment activity of the two extracts was tested — 
in the usual way on dilute salted plasma. The following are the 
particulars. 


3 decigr. of the powder were suspended in 50 c.c. of distilled water. (A.) 

3 decigr. of the powder were suspended in 50 c.c, of 0°3 per cent. sodium 
chloride solution. (B.) 

Both A and B were put into the warm chamber (40°C.), a crystal of 
thymol being added to each, for two and a half hours (12° 10—2°35 P.M.). 
Each was then filtered. 

5c.c. of A gave no sichaliake: with two drops of nitric acid; it was then 
boiled and four drops of ammonia added; the result was a faint yellow 
colouration. 5c.c. of B gave a cloudiness with two drops of nitric acid; 
this disappeared on boiling, and on adding four drops of ammonia, a light 
orange solution was formed, which had to be diluted with about six times its 
volume of water until its tint was as faint as in the case of A’. 


This rough method of estimating proteids colorimetrically by the xanthoproteic 
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The ferment activity of these two extracts was tested on horse’s sodium 
sulphate plasma, which was diluted to four times its volume in each case, the 
tubes being allowed to stand at the temperature of the air (15°—17° C.). 

Dilated with water. 

b. Diluted with 0:3 per cent, solution of sodium chloride. 

c. Diluted with A (watery extract of dialysed ferment powder). 

d. Diluted with B (saline extract of the same powder). 

The dilution was performed one afternoon (1.30 p.m.), and the specimens 
were unfortunately not looked at till 10 a.m. the next day. a, 6b and ¢ had 
not clotted ; while d had set into a jelly. 

A acc experiment was performed, but no more horse's plasma being 
obtainable at that time, a more rapidly coagulating sodium sulphate plasma 
from the cat was used. This was diluted as before, and the specimens were. 
put in the water bath at 40°C. 


a. Diluted with water at 2.5 p.m. Coagulation occurred at 5 P.M. 

b. Diluted with 0°3 °/, NaCl at 2.5 i. 5.30 P.M. 
c, Diluted with A at 2.5 p.m. 4.20 P.M. 
_d. Diluted with B at 2.5 p.m. ee 2.15 P.M. 


In other words, the saline extract of the dnivet powder caused coagula- 
tion in ten minutes, while a watery extract of the same powder caused 
coagulation in 2} hours, or nearly as ta as in the control specimens a 
and b. 


These experiments seem to me conclusively to prove that the fibrin- 
ferment only enters into solution in the presence of salts; and that the 
more effectually the salts are removed, the more insoluble does the 
ferment become. This conclusion is of considerable importance in 
deciding the question whether or not the ferment is a globulin. It 
tallies perfectly with Gamgee’s results. Gamgee found the’ sub- 
stance he obtained from washed blood-clot which had the properties of 
the fibrin-ferment was not removable from the clot by extracting it 
with water; but that it was removable by using a saline solution 
instead ; a fact also admitted by Lea and Green in their experiments. 

Bearing on the same point as to whether the ferment is or is not a 
proteid, it will be here convenient to relate an experiment which 
demonstrates very forcibly the fact that prolonged exposure to the 
action of alcohol ultimately destroys the activity of the ferment. A 
quantity of the same ferment powder (from cat’s serum) with which so 
many of the preceding experiments have been performed was put under 
test, will be found exceedingly useful in comparisons such as are made in the above 


experiment. .It is also advocated by Salkowski in a paper that appeared after the 
above experiments had been performed (Zeit. physiol. Chem., x11. 215). 
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alcohol for another period of four months; i.e. seven months in all. At 
the end of this time ‘it was dried over sulphuric acid. Saline and 
watery extracts of it now contained the faintest possible traces of 
proteid, but had absolutely no ferment activity, when tested either with 
sodium sulphate plasma (sheep), magnesium sulphate plasma (sheep), 
or hydrocele fluid. In all three cases no clotting occurred after forty-. 
eight hours standing at the temperature of the air (17°—18°C.). 

There is no doubt that the fibrin-ferment is much more difficult to 
coagulate by means of alcohol than the ordinary proteids of blood-serum. 
But this experiment shows, that not only is fibrin-ferment 
precipitated like a proteid by means of alcohol, but like a 
proteid it is ultimately rendered insoluble in water and in 
saline solutions by the prolonged action of alcohol’. Proteids 
differ among themselves very considerably with regard to the time in 
which alcohol renders them insoluble. Albumin seems to be easiest to 
coagulate by this reagent, peptones and albumoses the most difficult ; 
fibrin-ferment (admitting for the present mint it is a proteid) occupies 


an intermediate position. 


The question whether the ferment is itself a proteid or is only 
associated closely with a proteid is an exceedingly difficult one to 
answer. 

I am however inclined to think that it is identical with the oad 
and the chief grounds on which this opinion is formed are :— 

1. The action of alcohol: like proteids it is precipitated by alcohol, 
and like proteids it is ultimately rendered insoluble by that 
reagent, 

2. The action of heat: the ferment action is destroyed at the same 

- temperature as that which coagulates the proteid; in other 
words both proteid and ferment lose their characteristic pro- 
perties simultaneously. 

Granting that it is a proteid, the ferment is undoubtedly a globulin, 
as the preceding experiments have shown, It is precipitated by car- 
bonic acid, by dialysis, and by saturation with certain neutral salts such 
as magnesium sulphate. It is possible to explain the ferment activity 
of such precipitates by supposing that the ferment is carried down 
mechanically by the precipitate of globulin. But against this view, we 
have the fact that a complete removal of the globulin, as by saturation 
with magnesium sulphate, completely removes also all ferment activity, 


1 Hammarsten (Pfliiger’s Archiv, xxx. p. 458) has also shown that the fibrin- 
ferment is rendered less active by alcohol. 
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from the solutions, Perhaps the most important proof of the ferment 
being a globulin is its insolubility in water as shown by the experiment 
on pp. 250, 251. It is not possible to explain this fact by the theory 
of mechanical admixture. 

Granting that the ferment is a globulin the next question that 
arises is, is it paraglobulin, or serum-globulin? Have we in other words 
merely returned to Schmidt’s old theory of fibrin being formed by the 
union of two globulins, fibrinogen and paraglobulin? © 

In answer to this question I think I shall be able to show that cell- 
globulin and paraglobulin are not identical, and that the former is a 
true ferment. By saying it is a true ferment I mean that it is an un- 
stable substance, the product of a living cell, and that it induces changes 
in the substances with which it comes in contact by a catalytic action, 
ie. without itself apparently participating in the eheaicns changes that 
its presence induces. 

Cell-globulin and paraglobulin’ resemble each ee very closely: 
their resemblances may be enumerated as follows :— 

1. In solutions containing a minimal amount of salt, both are 

coagulated at the temperature of 75° C. 

2. Both are precipitable from their solutions by the same means: by 
carbonic acid, by dialysis, and by saturation with sodium chloride 
imperfectly; by saturation with magnesium sulphate, or ammo- 
nium sulphate completely. . 

The differences between the two globulins will require to be dealt 

with more fully ; they may be enumerated briefly as follows :— 7 

1. In origin; cell-globulin arises from lymph-cells; either in 
lymphatic glands; in other lymphoid structures such as the 
thymus: and also from the white corpuscles of the blood, which 
are in origin lymph-cells. 

2. In fibrinoplastic activity. The cell-globulin has a power of 
hastening the coagulation of dilute salted plasma, or of pure 
plasma (i.e. vein plasma, or pericardial fluid). Pure paraglobulin 
as prepared from pericardial or hydrocele fluid where no ferment 
is present, has no such fibrinoplastic activity, 

3. In heat-coagulation temperature under certain circumstances, e.g. | 


1 I use the word paraglobulin instead of serum-globulin in this part of my paper, 
because later on I hope to be able to show that serum-globulin, i.e, the globulin in 
blood-serum, is really a mixture of two globulins; viz :—cell-globulin, and paraglobulin, 
- {,e. the globulin which was pre-existent in the blood-plasma cans the white cells break 
up when the blood is shed. | 
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when dissolved in 5 or 10 per cent. sodium chloride solution cell- 
' globulin coagulates at 60°—65°C. Pure paraglobulin on the 
other hand always coagulates at 75° C. 

Serum globulin prepared from blood-serum has always marked 
fibrino-plastic properties. This entirely confirms A. Schmidt’s state- 
ment that he has been unable to prepare from serum “ fibrino-plastic 
substance” free from ferment. I made two preparations of serum 
globulin, one from horse’s serum, the other from sheep’s serum. The 
serum was in each case saturated with magnesium sulphate; the 
précipitate so produced was washed with a saturated solution of the 
same salt; it was then redissolved by the addition of water. The 
resulting solution was again saturated with magnesium sulphate; the 
precipitate washed and redissolved as before, and the operation a third 
time repeated. The solution so obtained was dialysed and the globulin 
thus precipitated ; this was collected and thoroughly washed with dis- 
tilled water. | 

On the other hand, serum-globulin prepared from such a liquid as 
pericardial fluid which does not clot spontaneously has no fibrino-plastic 
activity. I made in the same way as that just related two specimens 
of globulin, one from hydrocele fluid, one from pericardial fluid. Neither 
the pericardial nor the hydrocele fluid used coagulated spontaneously 
even after two days from the time they were removed from the body. 
These four preparations of globulin were then dissolved in 03 per cent. 
sodium chloride solution, and their fibrino-plastic activity tested. Those 
made from serum possessed great power in hastening the coagulation of 
dilute salted plasma, and of pericardial fluid ; those made from hydrocele 
and pericardial fluid had no such power. I append illustrative experi- 
ments. 

Ox sodium sulphate plasma was diluted with four times its volume of 
liquid in each of the succeeding experiments; the diluted plasma was then 
divided into two parts, one part being kept at the temperature of the air 
(14°C.), the other at the temperature of 40°C. in an incubator. 


Coagulation occurred 


Dilution with at 14°C, at 40° C, 
a. 0°3 °/, NaCl solution In 46 minutes In 20 minutes 
b. Globulin from horseserum dissolved } 10 9 
in 0°3 °/, NaCl solution 
c. Globulin from hydrocele fluid in 47 99 


Thus the plasma which was diluted with a saline solution of globulin 
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from hydrocele fluid coagulated at approximately the same time as that 
in which the saline solution alone was employed as the diluent, while a 
specimen diluted with a saline solution of globulin from serum coagulated 
in about one-fifth of that time. 

In another experiment diluted magnesium sulphate plasma (from the 
‘sheep) was rere This was into equal portions 
of 30 c.c. each. 

a. To this'5 drops of 0-3 °/, NaCl was added. 

b. To this 5 drops of 0°3 °/, NaCl solution of from 

fluid was added. 

c. To this 5 drops of 0-3 °/, NaCl matali of govitin from pericardial 

fluid was added.. 

Neither of these three specimens (a, 6, c) had coagulated after the lapse of 
24 hours, 

d. To this 5 drops of 0°3 °/, Nal solution of globulin from horse serum 

was added. | 
@ To this 5 drops of °/, NaCl solution of from ~ 
serum was added. 

These two specimens had both coagulated within EE il 

In a third series of experiments, a few drops of each of the four prepara- 
tions was added to pericardial fluid. The globulin from horse serum caused 
coagulation in 2 minutes(at 40°C.). That from sheep’s serum in 7 minutes. 
That from hydrocele fluid and from pericardial fluid did not cause coagulation 
even after the.lapse of 24 hours. 


_ These and confirm statement 
that he has obtained from hydrocele fluid a pure paraglobulin free from 
ferment, and exerting no fibrino-plastic activity. . 

The next step in my experiments confirmed the view generally held 
with regard to the cause of the non-coagulation of such fluids as hydro- 
cele and pericardial fluids, viz. the absence of fibrin-ferment from them. 
‘I tried by Schmidt’s alcoholic method to obtain fibrin-ferment from 
them. To each was added about 10 times its volume of absolute alcohol ; 
the resulting precipitate was allowed to stand for 6—8 weeks under 
alcohol, then filtered, dried over sulphuric acid, and powdered. On 
extracting the dried powder with water, an amount of proteid went into 
solution in each case, sufficient to give a faint opalescence on boiling. 
The following were the preparations thus made. 


1. From hydrocele fluid. 
2. From another specimen of sidan fluid. 
3. From ascitic fluid (case of cirrhosis of liver). 
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4. From horse’s pericardial fluid. 
5. From cerebro-spinal fluid (case of chronic hedrelabalnn). 


6. From another specimen of cerebro-spinal fluid (case of chronic 
hydrocephalus). 


These fluids all contain paraglobulin, but with one exception (No. 2.) 
an extract of the dried alcoholic precipitate produced no clotting in 
dilute magnesium sulphate plasma, In other words fibrin-ferment was 
absent. Some cases of hydrocele fluid do clot spontaneously but slowly. 
Probably No, 2 in the above list was such a specimen; unfortunately 
all of it was mixed with alcohol; none was kept to see if it did or did 
not clot spontaneously. The fibrin-ferment obtained from it was not so 
active as that made from serum: 


A specimen of diluted magnesium sulphate plasma (from the sheep) was 
taken which did not clot spontaneously even after 48 hours. A portion of 
this was divided into two equal parts; to one of these a few drops of fibrin- 
ferment solution made by Schmidt’s method from cat’s serum, were added ; 
_ this clotted in 26 minutes, To the other part were added a few drops of the 
. ferment solution prepared from hydrocele fluid by Schmidt’s method, this 
clotted in 86 minutes. 


Excepting this particular case, I should explain the — results 
in the following way :— 

The globulin from hydrocele fluid contains no ferment, 
because it is pure paraglobulin unmixed with cell-globulin. 

The globulin obtained from serum contains in addition 
to the globulin that pre-existed in the plasma (para-globulin, 
or it might perhaps be better termed plasma-globulin), a 
certain quantity of cell-globulin formed by the disintegra- 
tion of the white corpuscles. 

Both Schmidt and Hammarsten have recognised the fact that 
the amount of globulin in the serum is greater than in the plasma, and 
that this extra amount is derived in part at least from the white blood 
corpuscles, What I want especially to point out is that this extra 
globulin (cell-globulin) is in all probability the fibrin-ferment. The 
view that the globulin of serum is not a single body is confirmed in a 
very striking way by the analyses of Hammarsten, The analyses of. 
several specimens both of fibrinogen and of fibrin gave very concordant 
results, showing that these two substances are therefore chemical units. 
The analyses of paraglobulin prepared from serum, gave the following 
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average percentage results’:—C, 52°71; H, 7°01; N, 15°85; S, 111; 
O, 23.32. But the analyses of the various préparations differ very 
considerably among themselves; e.g. the carbon varies from 53°3 to 
52°32, a difference of nearly 1 per cent; the nitrogen from 16°25 to 
15°61, a difference of 0°64 per cent. Such differences do not as Ham- 
marsten observed come within the limits of experimental errors; but 
show that the globulin of serum has a different composition at different 
times, and probably this is accounted for by there being a mixture of 
two or more globulins in the serum. In a later article Hammarsten 
showed that there is in the serum a globulin which occurs in small 
quantities, which can be separated by fractional saturation with sodium- 
chloride from the ordinary paraglobulin. This second globulin coagu- 
lates in a sodium chloride solution at 64° C. and is regarded as a 
decomposition product of fibrinogen; the action of the ferment on 
fibrinogen being to split it into fibrin and this second globulin’. 
Ham marsten discusses the question whether this is derived from the 
. ferment solutions used, and decides it in the negative, as in his ferment 
solutions there were merely traces of proteid. In short it seems 
perfectly clear that this second globulin cannot be my cell-globulin. If 
one admits that cell-globulin is present also, we see that the globulin of 
serum | 

= plasma-globulin (i.e. the globulin preexistent in the blood) 

+ cell-globulin (i.e. the globulin resulting from the disintegration — 

of the white blood corpuscles) | 
+ Hammarsten’s second globulin (i.e. the globulin resulting from 
the splitting-up of the fibrinogen molecule). 

These two last named globulins occur in very small quantities, but 
their varying quantity accounts for the discrepancies in the analyses 
just alluded to. 

In the list of the differences between cell-globulin and plasma- 
globulin enumerated a few pages back (p. 253) it was stated that in 
addition to the differences of origin and fibrinoplastic activity, we have 
under certain circumstances to deal with a difference in heat coagulation 
temperature. I will now take up this point. I have already drawn 
attention to the statement of Gamgee that sodium-chloride extracts of 
washed blood-clot contain a globulin which coagulates at about 60° C. ; 
and that their ferment activity is destroyed at the same temperature. 
This same globulin after precipitation by dialysis, and re-solution in 

1 Pfliiger’s Archiv, xx11. p. 489. 
* Ibid., xxx. p. 456 et seq. 
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water containing a minimal amount of salt coagulates at 70°—75°, at. 
the same temperature that is to say as that at which fibrin-ferment as 
usually prepared loses its activity.. The explanation which appears to 
me most readily to account for this discrepancy is that in the first case 
8 per cent. of sodium-chloride is present, and this it is which lowers the 
temperature of heat coagulation. In extracts made with 5 per cent. 
magnesium sulphate solution, the globulin coagulates at 75°, and the 
ferment activity is destroyed at the same temperature. Now serum- 
globulin as prepared from hydrocele fluid has not its temperature of 
heat-coagulation lowered in this way by the presence of a considerable 
quantity of sodium-chloride: dissolved in 8°/, NaCl solution it coagu- 
lates at 70°:C., i.e, rather lower than in magnesium sulphate solutions. 
Cell-globulin is apparently much. more affected in this way. Cell- 
globulin from blood-clot has its temperature of coagulation lowered by 
about 15° by dissolving it in a 5—10°/, solution of sodium chloride. 
Cell-globulin from lymph cells and from serum is similarly affected. 
The details of the experiments which show this are as follows :— 


(1) Lymph cells cannot be extracted directly with a 5—10°/, solution of 
sodium ehloride because of the swelling up of the mucin-like globulin (or 
nucleo-albumin) by that reagent. They were therefore placed for a fortnight . 
under absolute alcohol, dried and then extracted with a 10°/, sodium chloride 
solution. This solution contained traces of the globulin that coagulates at 
50°, and further heating showed that abundance of a globulin coagulating at 
60°—62° was present, Another portion of the same extract was saturated 
with magnesium sulphate and filtered; the filtrate contained the merest 
trace of albumin. 

Other portions of the extract were added to dilute magnesium sulphate 
plasma (sheep). A few drops of the extract itself caused coagulation in about 
an hour; a few drops of the extract which had been previously heated to 65° 
and filtered was then added to another portion of the same woah ; this did 
not coagulate even after 24 hours. 

(2) A large quantity of globulin prepared from sheep’s serum by 
repeated precipitation with magnesium sulphate, and finally by dialysis, was 
put under alcohol for two months and then dried in the usual way. By this 
means the greater part of the plasma-globulin was rendered insoluble. Two 
concentrated extracts of the dried substance were made 

~ (1) With 5°/, magnesium sulphate solution. This contained a globulin 
which coagulated at 73°—5°C. As tested with dilute salted plasma, — 
it contained abundance of fibrin-ferment, or as I should say, of cell- 
globulin. The ferment activity was destroyed by a temperature of 
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75°C., ie. the same as ‘that at which the globulin 
coagulates. 

(2) With 10°/, sidan chlodlde solution. This contained a globulin which 
coagulated at 62°—5° C. after filtering off which a mere trace of proteid 
remained in Solution, It has also powerful ferment properties, which 
were destroyed at a temperature of 65°0., i.e. the same temperature as 
that at which the globulin coagulates. The remainder of the extract 


was oe till a free from salt; the globulin hen coagulated at 
72°C, 


These experiments seem to show clearly that in a 10°/, sodium- 
chloride solution, cell-globulin coagulates at about 60° C. or a few 
degrees above that. This is a very striking difference between it and 
plasma-globulin. It also seems to be an additional confirmation of the 
view of the identity of the globulin with the ferment that I am inclined 
to adopt ; circumstances that alter the coagulation temperature. of the 
globulin, alter in precisely the same manner the temperature at which 
ferment activity is lost. 


There seems to me to be at least one other condition in which cell- 
globulin coagulates at this lower temperature, and that is when it is dis- 
solved in the serum. It has long been known that the ferment activity 
of serum is destroyed at about 65°, while the activity of the fibrin- 
ferment separated out from the serum is destroyed at 75°—80° C. If 
’ we are to adopt the cell-globulin theory of coagulation, it appears to me 
that the only way of explaining this puzzling fact, is by supposing that 
some of the constituents of the serum have the same effect upon the 
coagulation temperature of the cell-globulin (or ferment) as solutions of 
sodium-chloride have. Itis true there is no visible heat-coagulum in the 
serum at that temperature, but that is because the amount of cell- 
globulin in the serum is so small. Hammarsten accounts in the 
same way for the absence of a visible clot in the serum on heating it to 
65°; but he was still able by appropriate means to. demonstrate the 
existence in the serum of his second globulin which —- at that 
temperature. 

It is here a convenient place to stop and briefly state the conclusions 
which we have so far arrived at before going on to the next series of 
experiments. 

a. The globulin which can be precipitated from serum by means of 

magnesium sulphate, or dialysis has marked 
properties. 
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b. This globulin is a mixture of several substances; 

(1) plasma-globulin; i.e. globulin pre-existent in the blood 
plasma: (2) Cell-globulin, i.e..a globulin which results from 
the disintegration of the white blood corpuscles after the 
blood is shed ; (3) Hammarsten’s second globulin, resulting 
from the decomposition of the fibrinogen molecule. 

c. It is the cell-globulin with which the fibrin-ferment i is closely 

associated, or probably identical. 

d. Pure plasma-globulin (i.e. paraglobulin from bydrocele or other 

non-coagulable liquid) has no such ferment characters. 

We have next to deal with the serum minus its globulin. Does it. 
still contain ferment or not? Let me first allude to pyres answers 
given to this question by other observers. 

Schmidt says that the serum minus its globulin (precipitated by a 
stream of carbonic anhydride) has very little ferment activity. Carbonic 
anhydride however does not completely precipitate the globulin; and 
so it will be at once seen that Schmidt’s method does not enable us to 
give an answer to the question propounded at the head of this paragraph. 

Hammarsten’s experiments on this point are however very explicit; 
he precipitated the globulin from horse’s serum by means of magnesium 
sulphate, filtered it off and found he was still able to prepare powerful 
ferment solutions from the filtrate. This I confess is a most serious 


~ objection to the view I have been advocating of the identity of the — 


ferment with a globulin; for Hammarsten says the liquid from which 
he prepared his ferment contained absolutely no trace of globulin’. 

’ This method of preparing ferment has been repeated by W. H. 
Howell’, who used the blood of the slider terrafin for the purpose, but 
unsuccessfully. My own experiments are as follows :-— 

The following four sesso of serum were taken. 

1. Cat’s serum. 

2. Sheep's serum. 

3. Human ascitic fluid from which an nbeaisdacit clot had spared 

a few hours after removal from the body. 

4, Horse’s serum. 

Each was saturated with magnesium sulphate, by shaking it with 
powdered crystals of that salt for three to six hours. The shaking of the 
serum with the salt was carried out in a room which was kept for other 
reasons at a constant temperature of about 25°C. An abundant 


I Pfliiger’s Archiv, vol. xxx. p. 458. 
* Studies from the Biological Lab. Johns Hopkins Univ. Baltimore, vol. 111. p, 68. 
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precipitate was in each case produced, which was filtered off. The 
filtrate was perfectly clear, and in order to be certain that no further 
precipitate could be produced by this salt, more crystals were in each 
case added, and the mixture again shaken for an hour or two. In no 
case was there any further precipitate. The excess of crystals was then 
filtered off. The filtrate was then placed in long tubes of parchment 
paper, and dialysed into running tap water; at the end of 10—-14 days 
only traces of the magnesium sulphate remained. This process led to a 
great increase in the volume of the liquid; it was therefore quickly . 
concentrated in large flat dishes at 40°C. to its original volume; and 
it was tested for ferment both before and after concentration in the 
usual way with dilute salted plasma, and with either hydrocele or 
pericardial fluid. In the case of the serum from the cat, sheep, and 
peritoneum, the result was completely negative; with removal of the 
globulin, all the ferment had been completely removed also. But in the 
case of horse's serum a different result was obtained. The following are 
the details. 


Horse serum was saturated with magnesium sulphate in the manner above 
described, and filtered. The filtrate was dialysed in running water for 15 
days, thymol being added as usual to prevent putrefaction. It was then 
removed from the dialysing tubs ; it was found to contain an abundant fine 
flocculent precipitate, showing that although all globulin had been apparently 
removed, there must still have been some left in solution. This liquid with — 
the globulin in suspension was then added to dilute sodium sulphate ox plasma. 
This plasma, diluted with water only coagulated at the temperature of the air 
(12°C.) in about 20 hours after dilution; but when diluted with water to 
which a few drops of the above liquid had been added, it coagulated in four 
minutes. That is to say, it was a very powerful ferment solution. It was 
therefore once more shaken with excess of magnesium sulphate crystals, and 
an abundant precipitate was produced. This was filtered off, and the filtrate 
once more subjected to dialysis for 17 days. But even after this second 
saturation, all the globulin had not been precipitated, as at the end of the 17_ 
days there was a well marked finely flocculent precipitate in the liquid: and 
it also retained its ferment power to a very considerable extent. It was 
tested this time with sheep’s sodium sulphate plasma; a specimen of this 
plasma diluted with water to which a few drops of the liquid in question had 
been added coagulated in 27 minutes, whereas the control specimen which 
had been diluted simply with water had not coagulated even after 48 hours. 
_ These results showed that the liquid retained both some of its globulin, and 
its ferment activity: for a third time it was saturated with magnesium 
sulphate: the fairly abundant precipitate was filtered off, and the filtrate 
PH. IX. 18 
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dialysed for 14 days. This time dialysis produced no precipitate, re-saturation 
of a small portion of it by magnesium sulphate produced no precipitate. The 
globulin was therefore now entirely separated. Then came the question had it 
any ferment activity left? and experiments with salted plasma showed that it 
had not. Tested with sheep’s sodium sulphate plasma it did not cause even 
after 36 hours (at the temperature of the air 21°C.) any formation of fibrin 
at all. 


This experiment shows that the precipitation of all the globulin from 
horse’s serum is not so easy a matter as with the serum of most animals: 
in this particular case as many as three successive operations were 


_ necessary before all the globulin was finally separated; that as long as 


any globulin remained in solution, so long had the liquid the properties 
of fibrin-ferment: but that when no globulin was present, ferment 
activity also completely disappeared. 

It is in this way that I should explain Hammareton' s results. 
Although apparently all globulin had been precipitated, yet in the case 
of horse’s serum this cannot be definitely proved by merely adding more 
crystals of the salt and observing no precipitate. Dialysis shows that 
some globulin is still present. It may be that only traces of the globulin 
remain ; it may be that it is the cell-globulin which proves in the horse’s 
case so intractable; but small quantities of a ferment exert a very 
considerable action ; indeed that is one of the attributes of a ferment: 
it is a substance of which a very little effects changes in large masses 
of the material with which it comes in contact. 

Dialysis of solutions of fibrin-ferment, it will be remembered, lessen 
but do not destroy its action. This I have already explained by 
the undoubted fact, that dialysis never causes complete precipitation of 
any globulin. 

To sum up, the two chief objections to the theory that cell globulin 
and fibrin-ferment are identical are :— | 

1. The fact that dialysis with subsequent filtration does not entarely 
destroy the activity of the ferment. 

2, The experiments of Hammarsten, in which he prepares fibrin- 
ferment from horse serum which has been saturated with 
magnesium sulphate and filtered, _ 

Against these facts are to be placed those which I have already 
urged in favour of the view of the identity of the globulin and the 
ferment (p. 252). Whether the explanations that I have offered of the 
above two chief objections to this view are feasible, must be left 
to others to decide. The second objection is I confess by far the most 
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serious, and therefore I would especially ask for a careful consideration 
of the experiment with horse’s serum just related, and which seems to 
me to explain how it was that Hammarsten got fibrin-ferment from 
serum from which all globulin had been apparently removed. 


III. EXPERIMENTS PERFORMED WITH FIBRIN-FERMENT PREPARED 
BY GAMGEE’S METHOD. 


In the course of the foregoing account of my experiments it has 
often been necessary to refer to Gamgee’s method of preparing fibrin- 
ferment, and so before going on to give the result of my own experiments, 
let me first briefly recapitulate. Gamgee has stated that on extracting 
“washed blood-clot” (ie. fibrin prepared by whipping from blood which 
is diluted with eight to ten times its volume of water directly it is shed) . 
_ with an 8 per cent. solution of common salt, a solution of a globulin with 
powerful fibrino-plastic properties was obtained. When the globulin is 
removed from the extract, all ferment activity is also destroyed: and the 
opinion is expressed that probably the fibrin-ferment is a globulin. 

_ Lea and Green repeated these experiments, and confirmed in the 
main Gamgee’s statements; their final conclusion was that the ferment 
is not the globulin, but that the two substances are closely adherent one 
to another. I have in the foregoing pages (pp. 233, 234) endeavoured to 
show how difficult such a question is to answer definitely, and -have also 
stated the reasons why I believe the results obtained by Gamgee on the 
- one hand, and by Lea and Green on the other differ. My own experi- 
ments with cell-globulin (prepared from lymph-cells), and with fibrin- 
ferment (prepared by Schmidt’s method) certainly confirm the view ad- 
vanced by Gamgee of the identity of the globulin and the ferment; but 
here again I have been careful to point out certain facts which bear in the 
opposite direction, and which therefore render difficult a final solution of 
the vexed question; the balance of evidence is however in my opinion 
very much in favour of the ferment being regarded as a globulin. 

My work has been done chiefly with the ferment as prepared from 
lymph cells, or from serum. I have however repeated some of 
Gamgee’s experiments; the general method adopted has been the 
same as that described in the previous parts of this paper, and so all I 
shall do here is to give the general results of my investigations. 

1. I have not found it necessary to use fibrin prepared from diluted 

blood (Buchanan’s washed blood-clot), but fibrin obtained by 
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whipping undiluted blood in the ordinary way yields by appro- 
priate treatment with saline — active solutions of the 
fibrin-ferment’. 

After the fibrin has been well washed with water, an | aqueous : 
extract of it has no ferment activity. 

. An 8 °/, sodium-chloride solution extracts from the washed fibrin 
an active ferment solution as tested with dilute salted plasma. 

. A 5°/, magnesium sulphate solution extracts an equally active 
ferment. 

. The 8 °/, sodium-chloride extract contains a globulin which 
coagulates on heating the extract to about 60°C. 

. The 5°/, magnesium sulphate extract contains a globulin which 
coagulates on heating the extract to about 75° C. 

. The proteid extracted in these ways is however the same in 
both cases; it is the presence of the two different salts that 
causes the difference in heat coagulation. 

. This difference in heat coagulation i is moreover a characteristic 
of the proteid described in the former part of this part under 

_ the name cell-globulin. 

. In other particulars this proteid is also similar to cell-globulin, 
ViZ.:— 

a, It is imperfectly precipitated from its solutions by dialysis, 
and also by saturation with sodium chloride. 

b. It is completely precipitated by saturating its solutions with 
magnesium sulphate or ammonium sulphate. : 

c. Its presence is associated with fibrino-plastic activity. 

d. Its probable origin is the white corpuscles entangled in the 
clot”. 

. When the globulin is completely removed from an extract by 
saturation with magnesium sulphate and filtration, the filtrate 
possesses no ferment activity. 

. When the globulin is partially removed by dialysis, the ferment 
activity is diminished but not abolished, (e.g. in one experiment 
with dilute magnesium sulphate plasma, the solution after 
dialysis and filtration caused coagulation in 70—80 minutes, 


1 This was also pointed out by Lea and Green. 

2 I see that Green (this Journal, vol. v111.) describes two globulins in a saline extract 
of fibrin. The two are very similar, but still not absolutely identical. I think it is 
possible that one of these is cell-globulin derived, that is, from the entangled white blood 
corpuscles, and the other comes from an actual solution of the fibrin itself. 
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while the solution which had not been filtered but was mixed 
with an equal volume of saline solution (0°6°/, NaCl) to re- 
dissolve the precipitated globulin, caused coagulation in 20 
minutes). 

When the distinctive characters of the globulin are destroyed by 
heat coagulation (60° in the case of a sodium-chloride extract, 
75° in the case of a magnesium sulphate extract), the ferment is 
also destroyed. It is not merely precipitated with the heat 
coagulum, as the precipitate is as inactive as the filtrate. This 


- seems to me to be the strongest point in favour of the identity 


of the ferment and globulin. 


IV. GENERAL CONCLUSIONS AND REMARKS, 


The final conclusions which are to be drawn from the fata des- 
cribed in the previous pages are as follows :— 


1. 


Lymph-cells yield as one of their disintegration products, a 
globulin, which may be called cell-globulin. This. has the 
properties that have hitherto been ascribed to fibrin-ferment. 
Fibrin-ferment as extracted from the dried alcoholic precipitate 
of blood serum is found on concentration to be a globulin with 
the properties of cell-globulin. 

The fibrin-ferment. as extracted from saline solutions from blood 
clot is a globulin which is also identical with cell-globulin. 


‘Serum-globulin as prepared from hydrocele fluid has no fibrino- 


plastic properties. It may be perhaps better termed plasma- 
globulin. 

Serum-globulin as prepared from serum has marked fibrino- 
plastic properties. This is because it consists of plasma-glo- 


bulin, mixed with cell-globulin derived from the disintegration — 


of white blood corpuscles, which are in origin lymph-cells. 

The cause of the coagulation of the blood is primarily the 
disintegration of the white blood corpuscles; they liberate 
cell-globulin which acts as a ferment converting fibrinogen into 
fibrin. It does not apparently become part of the fibrin formed. 


The sixth and last conclusion in the above summary does not 
exclude the blood tablets from participating in the production of fibrin- 
ferment. Microscopic examination of blood.in the act of coagulating 
leads one to suspect that these little bodies which disintegrate so 
rapidly in shed blood, have a good deal to do with liberating at any rate 


fi ay 
a 
4 
4 
a 
3. y 
4 
- 
4 
“a 
2 
An 
6 iy 
¥ 
4 
om 
> 
? 


266 W. D. HALLIBURTON. 


part of the ferment. Our present methods however do not enable us to 
separate the blood tablets from the other constituents of the blood, in 
sufficient quantity and purity to make a chemical investigation of their 
constituents. We can at present only infer that their composition. and 
disintegration products are similar to those of the colourless corpuscles. 

The actual identity of the globulin and the ferment will no doubt be 
a point on which difference of opinion will still prevail. It is said that 
powerful solutions of the ferment often give such very weak proteid 
reactions. In such cases I would submit, that what is present is a very 
dilute solution of a particularly active ferment: the solution contains a 
_very small quantity of.a proteid, but it also contains the merest trace of 
organic material.- I would ask is there any other organic substance in 
the solution? The quantity of proteid is small, but that does not 
negative the theory that it is the ferment; for ferments are substances 
of which very small quantities produce very large effects. Until the 
ferment has been separated from the globulin, we are not justified in 
saying that we are dealing with two substances, but with a single 
substance. 

I regard the action of cell-globulin as a ferment action, because such 
small quantities of it produce such immense effects. I am at present 
engaged in investigating the question, whether different weights of cell- 
_ globulin produces when added to fibrinogen, different weights of fibrin. 
These experiments are at present incomplete ; I will only say that so far 
as I have gone, they show that the weight of fibrin formed is slightly 
increased by increasing the weight of cell-globulin employed: but the 
increase of weight of the fibrin is not at all in proportion to the 
increased weight of the cell-globulin used, but could be quite well 
explained by supposing that a certain quantity of the cell-globulin 
becomes mechanically adherent to, and entangled with the clot: That 
such a view is a correct one is strengthened by certain observations I 
have made with sodium sulphate plasma. This form of salted plasma, 
prepared by mixing the blood with an equal volume of saturated . 
solution of sodium sulphate, sometimes coagulates even without 
dilution. The coagulation is never complete; a few strands of fibrin 
form, and on separating these off, and diluting the liquid residue, 
adding at the same time fibrin-ferment, it is always possible to bring 
about a fresh formation of fibrin: but if one simply dilutes the plasma 
with water or saline solution, and adds no fibrin-ferment, there is either 
no further coagulation at all, or occasionally a small clot forms after the 
lapse of a day or two. The plasma thus diluted contains but little fibrin- 
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ferment. The fibrin-ferment is adherent to the few strands of fibrin 
which had formed before the plasma was diluted. That such is the 
case can be easily proved. If one shakes up the plasma with the fibrin 
strands, they break up, and the fibrin-ferment is washed out of them; 
then on diluting the plasma, coagulation quickly ensues without the 
necessity of adding any more fibrin-ferment. I have repeated this 
experiment three or four times, but I will only give the details of one 
observation, which is perfectly characteristic of the rest. 


Horse’s sodium sulphate plasma, syphoned off from the corpuscles, and 
centrifugalised. The clear plasma was allowed to stand over night; in the 
morning a few strands of fibrin were traversing the liquid in different 
directions, Some of the liquid residue (A) was carefully pipetted off free 
from fibrin. The remainder was shaken up in a flask for about half a minute, 
the fibrin was thus broken up, and removed by filtration. The filtrate may be 
called 

A, a. This specimen was diluted to six times its original volume with 
distilled water. Coagulation did not ensue till twenty-four hours 
afterwards, 

a’ This specimen was diluted to the same extent with a solution of 
Schmidt’s ferment prepared from horse’s serum. It clotted in 50 
minutes, 

B. b. This specimen was diluted to the same extent as in the first two 
gases, with distilled water. It clotted in 263 minutes. 

b' This specimen was diluted to the same extent with a solution of 

Schmidt’s ferment. It clotted in 14 minutes. , 

The temperature of the air at which these experiments were performed was 

14°C, 


This experiment shows that the fibrin when formed earries down 
mechanically some of the ferment with it; it also shows that by simple 
mechanical means the ferment can be washed out from the fibrin thus 
formed: and thirdly it seems to show that the ferment resembles other 
ferments, by its activity not being exhausted by the work that it does: 
for when washed out from the fibrin which it has contributed to form, it 
is then available to bring about the formation of more fibrin. 

I will here only dwell upon one other point in which fibrin-ferment 
resembles other ferments ; viz. the influence of peptone upon it. Thus 
Chittenden and Smith’ have shown that beyond a certain point 
peptone retards and finally destroys the action of ptyalin; and Langley 


1 Chemical News, vol. L111. 
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and Edkins’ that peptone retards gastric digestion. It is also a well 
known fact that peptone’ prevents the coagulation of the blood ; this is 
especially the case if the peptone be injected into the circulation of the 
animal before it is bled to death: the blood when shed does not clot. 
Pollitzer* found that peptone delays the coagulation of blood after it 
is shed. In a series of experiments I have found that peptone causes a — 
similar delay in the clotting of dilute salted plasma. As I do not know 
that this fact has been ever recorded before I will quote two illustrative 
experiments 


Cat’s sodium sulphate plasma: diluted in each case with an equal volume 
of liquid. Specimens all kept at the temperature of the air (7°—9° C.). 

a. Diluted with water. Coagulation occurred in 25 minutes. 

_ 6, Diluted with a 0-5°/, solution of Witte’s peptone in water. Coagulation | 
began in 55 minutes, but proceeded slowly so that jellying was not. 
complete for nearly half an hour afterwards; this slow process of 
jellying was always observed in cases where peptone was present. 

-¢ Diluted with a 2°/, solution of Witte’s peptone. Coagulation occurred 
in the night, i.e. between 7 and 24 hours after dilution. 

d. Diluted with a 4°/, solution of Witte’s peptone. Coagulation had 
not occurred two days afterwards. The specimen was then diluted 
with an equal volume of water, and coagulation occurred five minutes 
later. | 

Dog’s sodium sulphate plasma: diluted in each case with twice its 

volume of liquid. Specimens all kept in the water bath at 40°C. 

a. Piluted with water. Coagulation occurred in 20 minutes. 

b. “Diluted with 1°/, peptone solution. Coagulation began in 45 minutes. | 

ce. Diluted with 3°/, peptone solution, Coagulation began in 3 hours. 

In both 5b and c¢ the process of jellying was slow: a few threads of 

fibrin first formed; then a thin film through the liquid, and finally a firm 
jelly was observed 15-—20 minutes after the coagulation began. 


It will thus be seen that fibrin-ferment resembles in many par- 
ticulars other ferments. The question next arises do other ferments 
resemble fibrin-ferment in being proteids? or, have we instances of 
proteids which act as ferments ? 

It is by no means easy to answer this question fully, because so few 
unorganised ferments have been separated in a state sufficiently pure 


1 This Journal, vol. vu. p. 383. 

* The word *‘ peptone” is used in the sense of commercial peptone; i.e. a mixture 
of albumoses and peptone. 

This Journal, vol. vit. p. 289. 
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to admit of analysis. I believe, however, that I am stating what is 
commonly admitted by physiologists when I say that the unorganised 
ferments are substances which if they are not actually proteids, are 
related to proteids very closely, and resemble them in certain par- 
ticulars, e.g. they are nitrogenous, their molecule is a complex one, and 
most of them give at any rate some of the proteid reactions. All are 
destroyed by a somewhat high temperature. They are also exceedingly 
unstable substances, and it is probably their intramolecular changes 
that confer their specific actions upon them. It is this proneness to 
undergo intramolecular changes that especially from a chemical point 
of view, places them alongside the living proteids. Pfliiger’ first 
pointed out the difference between living and non-living proteids, and 
showed it is possible to have isomeric proteid molecules, which differ 
constitutionally, sia gap in the way in which the contained nitrogen 
is combined. O. Loew’ has further shown that the living proteid 
contains certain aldehyde radicles absent in non-living proteid mole- 
cules: and he has further more recently* shown that in the case of one 

unorganised ferment, of which he was able to obtain .a large supply, 
viz.:—diastase, he had to deal with a similar 
aldehyde radicles. 

But leaving purely chemical considerations, we shall see that there 
is another reason for classing the unorganised ferments with the living 
proteids, or at any rate with living protoplasm: this reason is the 
similarity of the action of unorganised with that of the organised 
ferments, the yeasts, the moulds, the bacteria. The unorganised 
ferments are the products of living cells, and seem as it were to retain 
the characteristic composition and instability of the living components 
of those cells. We have seen that cell-globulin, and plasma-globulin 
differ in their chief chemical and physical tests very slightly. In their 
action upon fibrinogen they differ markedly: it may be that we have to 
deal here with isomeric molecules; one the product of the cell, retain- 
ing the characteristic instability of the living proteid, and so acting as a 
ferment: the other not directly the product of the cell, which has 
acquired the greater stability of the non-living proteid. 

I have elsewhere‘ shown, that there is another proteid and that also 
_ @ globulin, which has an action similar to cell-globulin in promoting 


1 Pfliiger’s Archiv, vol. x. p. 251. 
2 Tbid., vol. xxx. p. 348. Brit. Assoc. Reports, 1885. 
Chem, [2] vol. xxxv1. p, 101. 
‘‘On Muscle Plasma.” This Journal, vol. vim. p. 182. 
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the formation of fibrin. The proteid in muscle juice which coagulates 
at 56°C., and which I have called myosinogen has precisely the same 
action on dilute salted plasma, as cell-globulin has. In those experi- “ 
ments I was careful to show that the muscle juice contains no fibrin- 
ferment. So here is another globulin, again the direct product of cells, 
which acts in the way in which the cell-globulin derived from lymph- 
| cells acts. It is well known that other living cells, or extracts of other 
| fresh tissues similarly induce the formation of fibrin; and I would here 
suggest it is probable that if in those cases we have no fibrin-ferment, 
we have proteids of the same nature as cell-globulin, and myosinogen. 
The recent experiments of Langley and Edkins’ upon pepsinogen 
and pepsin confirm in a very remarkable manner, the view I have been 
advocating concerning the identity of cell-globulin and fibrin-ferment. 
Their extracts contained small quantities of a globulin, which coagu- 
lated at 54°—-57°C. The ferment power was destroyed at the same 
| temperature; not only pepsinogen, but also pepsin was thus affected. 
| On the removal of the globulin by a stream of carbonic acid a similar 
| result followed; pepsinogen being somewhat more readily destroyed 
_ than pepsin by this method. The conclusion is drawn that at all 
| events pepsinogen is possibly a globulin. 
| Whether any zymogen, or precursor of the fibrin-ferment exists, has 
* been a question that has attracted several investigators, but hitherto 
| - without tangible results. If such a substance does exist, it would place 
i _ fibrin-ferment more intimately among the other unorganised ferments ; 
| If* cell-globulin is not itself the ferment, but only its zymogen, it is a 
ferment precursor which is converted with extreme rapidity and 
readiness into the ferment itself, and we must await new methods of | 
isolating globulins before we can definitely prove or disprove such a 
relationship. 


a 


APPENDIX. 


In a preliminary communication made on the subject of fibrin- 
ferment to the Royal Society, I thought it necessary to give my 
reasons for adhering to the old idea of a ferment being the cause of 
coagulation, in spite of the theory more recently advanced by Dr 
Wooldridge, and in so doing passed certain criticisms upon his 


1 This Journal, vol. vu. pp. 871—415. 
2 Suggested by Dr Lander Brunton in ij: tensialon on this subject at the meeting 
of the Physiological Society at Cambridge, June, 1888. 
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methods, results, and nomenclature. Since then he has replied to 
certain of these criticisms in a short note presented to the Royal 
Society, and more fully to certain others in a discussion at a meeting of 
the Physiological Society. As Dr Wooldridge in his reply has also 
been able to explain certain points which I raised, I take this oppor- 
tunity not only of re-stating the criticisms which I do not consider he 
has fully answered, but also of frankly admitting that his reply in 
certain other particulars answers the objections I raised. 

Dr Wooldridge’ s theory may be stated as follows’:—The coagula- 
tion of the blood is a phenomenon essentially similar to crystallisation ; 
in the plasma there are three constituents concerned in coagulation, 
A, Band C fibrinogen. A and B-fibrinogen are compounds of lecithin 
and proteid, and fibrin results from the transference of the lecithin and 
A-fibrinogen to B-fibrinogen. O-fibrinogen is what has hitherto been 
called fibrinogen, and it also is stated to be a compound of lecithin with 
proteid. A-fibrinogen is a substance which may be precipitated by 
cooling “ peptone plasma”, and on the removal of this substance coagu- 
lation occurs with great difficulty. The precipitate produced by cold 
consists of rounded bodies resembling the blood tablets in appearance. 

Dr Wooldridge has further found that other compounds of lecithin 
and proteid exist in the testis, thymus, and other organs, and in the 
blood serum of certain animals, in the fluid of lymph-glands, and in the 
stromata of red corpuscles. To these substances he gives the name of 
tissue fibrinogens, the one obtained from serum being called by him 
serum-fibrinogen. These substances may be extracted from the organs 
_by water, and precipitated from the aqueous extract by acetic acid. In 
the case of serum-fibrinogen’, it is simply obtained by precipitating it 
from the serum by a large excess of acetic or sulphuric acid. On 
redissolving the precipitate of tissue fibrinogen in a saline solution, and 
injecting it into the circulation of a living animal, intravascular clotting 
occurs, which is complete in the case of the rabbit, and confined to the 
portal system in the case of the dog. Serum-fibrinogen however when 
similarly injected, delays the coagulation of the shed blood for many 
hours, but on adding it to peptone plasma, coagulation sets in in a few 
minutes. The tissue fibrinogens are looked upon as precursors of A- 
fibrinogen. B-fibrinogen is looked upon as a. precursor of C-fibrinogen, 
very little of which, if any, exists in normal plasma. From these points 
of view the fibrin-ferment and the white corpuscles are looked upon as 


_! Croonian Lecture, Royal Society, 1886. Ludwig's Festschrift, p. 221. 
© Proe. Roy. Society, vol. 42, p. 230. 
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of secondary import in causing coagulation, though it is admitted that 
fibrin-ferment converts C-fibrinogen (i.e. Hammarsten’s 
into fibrin. | 

We have thus according to this theory, two fibrinogens or ‘sets of 
fibrinogens and two precursors of fibrinogen: viz. the tissue fibrinogens, 
which are the precursors of A-fibrinogen and B-fibrinogen which is the 
precursor of C-fibrinogen: fibrin results from the transference of 
lecithins from one fibrinogen (A) to the precursor (B) of another 
fibrinogen (C); or it may result from the action of fibrin-ferment upon 
fibrinogen (C), after it has been produced from fibrinogen (B). 

The first criticism I would pass upon this theory is upon the — 
nomenclature. Hammarsten meant by the substance he called fibri- 
nogen, a substance of perfectly constant elementary composition, and 
therefore a chemical unit; a substance consisting of carbon, hydrogen, 
nitrogen, oxygen and sulphur, but no phosphorus, and therefore no- 
lecithin. It seems to me unwarrantable to extend the name fibrinogen 
to other substances, compounds or mixtures of lecithin and proteid, ob- 
tained from various sources, and having very varying actions, merely 
because under certain circumstances they aid the formation of fibrin. It 
seems to me it would be just as correct to call a piece of iron wire intro- 
duced into the sac of an aneurysm to produce coagulation there, a 
fibrinogen. ‘The somewhat fine distinction between a fibrinogen, and a 
precursor of fibrinogen is also not clearly brought out by the indiseri- 
minate use of the term fibrinogen, both to fibrinogens, and to the 
precursors of fibrinogens. It was this which caused me in my former 
paper to misquote Wooldridge’s statements, and as he has corrected 
me, I apologise for the mistake I then made. 

I stated in one of the opening sentences of this paper that in 
connection with the question of the coagulation of the blood, a know- 
ledge of the properties of fibrin and of its precursors is not sufficient, we 
must also take into account the reason why fibrinogen changes into 
fibrin when the blood is shed. This latter condition is fulfilled by the 
ferment theory as I have already shown, but Wooldridge’s theory 
leaves it absolutely untouched ; we are told plenty about fibrinogens of 
several sorts, and also that all the elements necessary to form fibrin 
exist in the plasma: but why the supposed transference of lecithin 
should occur only when the blood is shed, and not while it is within the 
vessels, not one word. If Wooldridge’s theory is correct, I cannot see 
why we should possess liquid blood at all. To compare coagulation to 


crystallisation again does not facilitate matters ; crystallisation ordinarily 
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occurs in saturated solutions, or on evaporation or change of temperature 
of solutions, or on the cooling of substances liquefied by heat; then in 
crystallisation there is not the transference of a complex molecule like 
lecithin from one substance to another. Dr Wooldridge cannot 
suppose that the coagulation of the blood is due to the concentration, 
or the cooling it undergoes when it is shed; to say nothing of the fact 
that fibrin has no crystalline structure. 

Then in another respect, Wooldridge seems to me to admit too 
much; he admits that the fibrin-ferment converts Hammarsten’s 
fibrinogen into fibrin; he admits that fibrin-ferment causes coagulation 
in pericardial fluid. The formation of fibrin either i is, or is not a ferment 
action ; it cannot be both. | 

Passing now from generals to particulars let me take up some of the 
chief points upon which the theory rests:— 


Ths Of on the of tha: 


Lecithin hastens the coagulation of blood plasma which has been 
prevented from clotting by the injection into the circulation of a certain 
quantity of commercial peptone’. The term peptone plasma is a 
convenient one to retain, though it has been shown by Pollitzer* that © 
it is not the peptone in the commercial preparation that has the action 
in the question, but the albumoses, and especially hetero-albumose. 
Wooldridge’® also found that by receiving the blood of a dog into a 
thick emulsion of lecithin, coagulation occurred more quickly than when 
it was received into a corresponding quantity of saline solution. The 
blood immediately on being shed was received into tubes kept cool by 
being surrounded by ice, some containing lecithin emulsion, others 


containing a similar quantity of saline (0°6 °/, NaCl) solution. The 


blood in the tubes containing lecithin emulsion clotted first. These 
two sets of experiments together with the statement that the various 
forms of fibrinogen (?) described by Wooldridge contain lecithin are 
the chief facts upon which the theory chiefly depends. The influence 
of lymph-cells in inducing coagulation is also supposed to be due to the 
lecithin they contain, under the mistaken i — that they contain 
no fibrin-ferment (see p. 243). 


1 This Journal, vol. tv. p. 226. 
2 Tbid., vol. vir. p. 289. 
% Ibid., vol. tv. p. 367. 
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Now against these statements I would urge the following :— 
1. That the experiments on cooled plasma with lecithin are not 
conclusive. In order to produce the hastening effect upon co- 
agulation it is necessary to use an emulsion as thick as milk ; 
and it is well known that contact with any foreign matter, 
especially if finely divided will hasten coagulation, and it 
cannot be supposed that sufficient lecithin is normally con- 
- cerned in forming fibrin, as to produce a thick emulsion like 
this. To this Dr Wooldridge replies: “It is necessary for 
these experiments to use a finely particulate, and yet thick 
emulsion of lecithin for the following very obvious reasons. 
The lecithin is insoluble in the salt solution into which the 
blood is received, and a large quantity of blood being received 
into a relatively small quantity of salt solution’, the lecithin 
does not come into contact with all the plasma unless a fine 
thick emulsion be used.” This seems to me to be no answer 
at all, and only states more clearly the possibility that this 
finely divided, thick emulsion of an insoluble substance by 
coming into contact with all the _ causes coagulation 
because it is foreign matter. — 
2. Lecithin does not cause the clotting of pericardial fluid, of 
hydrocele fluid, of solutions of Hammarsten’s fibrinogen, of 
dilute salted plasma, nor does it hasten the coagulation of pure 
plasma obtained by the living test-tube experiment. | 
To this Dr Wooldridge replies :—that transudation fluids contain 
only one kind of fibrinogen (Hammarsten’s), and that therefore 
they are not normal plasma. To me it seems that they are much 
more normal than peptone plasma: the cavity of serous sacs being 
in direct communicatioti with the interior of blood vessels, via the 
stomata, and lymphatic vessels, 

With regard to vein plasma, Dr Wooldridge says, that again is 
not normal plasma, because the vein has been hung up in a cool 
place, and so fibrinogen-A has been precipitated. Such an answer 
carries its contradiction on its face; for if the fibrinogen-A has been 
precipitated, the plasma ought not to clot according to the lecithin 
theory: but the fact is that when it is removed from the vein it does clot. 
I have repeated the experiment in the. present month. (June), when 
there could have been no precipitate produced by cold, and again 


1 The experiments quoted say 25 c.c. of blood to 15 c,¢. of emulsion. 
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with the result that lecithin causes no hastening of the process of 
coagulation. 

The differences between peptone plasma and vein plasma form 
really the gist of my argument. Wooldridge regards peptone plasma 
as the more normal of the two; I regard vein plasma as normal 
plasma, and not one which has not undergone partial coagulation as 
Wooldridge avers. To me peptone blood seems most abnormal 
blood; the most striking difference is that one clots spontaneously 
and the other does not. The injection of peptone into the circulation 
produces most profound changes all over the body; the temperature 
is raised, the blood pressure lowered, secretions stopped and so forth. 
It would be strange indeed if the blood alone escaped; it rather 
seems that the other changes are secondary to the changes produced 
in the blood. | 

Dr Wooldridge further says that lecithin causes clotting in a 
solution of fibrinogen-B isolated from peptone plasma. When I come 
to speak of fibrinogen-B as isolated by Wooldridge, I hope to show 
that really he is only dealing with an impure solution of Denis’ 
plasmine. On repeating his experiments, I have never found that 
lecithin caused any clot, and Shaanti ia himself admits that he 
has often failed to do so. 

After the injection of serum-fibrinogen into the circulation, Wool- 
dridge obtains a plasma which does not clot spontaneously, but which 
clots when lecithin is added. But this experiment is in reality much 
the same as those with peptone plasma. It is a plasma contaminated 
with foreign proteid material, (proteid precipitated by the addition 
of strong acid to serum), and no correct conclusions can possibly be 
drawn from its behaviour any more than in the case of peptone 
plasma. 

3. The lecithin used was admittedly impure’. It is possible for 
instance that a certain amount of calcium sulphate was present, 
even if there was no fibrin-ferment. 

4. Nauck?® has shown that small quantities of glycin, uric acid, 
and other organic substances hasten coagulation. But it is 
not concluded that these are the chief agents in bringing 
about the coagulation of the blogl. To this Wooldridge 
replies that uric acid and these other,gubstances do not exist 
in the blood to any great extent, whereas lecithin does. 


1 This Journal, vol. rv. p. 369. 
2 Inaug. Dissert., Dorpat, 1886. 
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This I confess is a point in Wooldridge’s favour, - ‘But if we 
look to the kind of plasma used by Nauck who to a certain extent 
confirms Wooldridge’s observations, we find it is not normal plasma, 
but plasma which has been kept from. coagulating by means of bile 
salts: a form of plasma which seems to me as objectionable as 
peptone plasma, or even more so. 

5. Wooldridge admits that fibrin-ferment is free from lecithin, and 
yet it causes coagulation in what I should regard as the purest 
forms of plasma obtainable (Vein-plasma, and pericardial fluid). — 
Cell-globulin also contains no lecithin, at least its ash contains 
no phosphorus; and yet fibrin-ferment causes the formation of 
fibrin from Hammarsten’s fibrinogen, which again contains no 
lecithin. This seems to me to put the case so clearly against the 
lecithin theory as to be quite unanswerable. What is Dr 
Wooldridge’s reply? He says “The fact that fluids free from 
lecithin produce clotting in no way disproves the contention that 
lecithin is an essential factor in coagulation since every variety 
of fibrinogen ‘contains lecithin.” Wooldridge has not put upon 
record his analyses of fibrinogen so it is impossible to compare 

them in detail with the analyses of Hammarsten. On con- 
sulting Hammarsten’s’ analyses we find that neither fibrinogen 
nor fibrin contain any phosphorus when prepared free from 
admixture with plasma and white blood corpuscles; the results 
in different samples were perfectly concordant one with another. — 
Hammarsten also mentions the fact that alcohol dissolves out 
the merest trace of organic material from the preparations of 
fibrinogen made by his method. 

It is on the foregoing grounds that I hold the lecithin theory of 
coagulation to be untenable. I shall now pass on to the consideration 
of the two new forms of fibrinogen (A and B) which Wooldridge 
asserts are present in the blood, and examine the — on which 
this assertion rests. 


The precipitate produced by cooling Peptone-plasma. 
(Wooldridge’s fibrinogen-A.) 


1. Here again the chief point I have to urge is that the precipitate 
obtained by cooling peptone plasma, is not obtained by cooling normal 


1 Pfliiger’s Archiv, vol. xu. pp. 480 aud 484, 
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plasma obtained from horse’s veins, nor pericardial or hydrocele fluid. 
I have also tried to obtain it from magnesium sulphate plasma, from 
sodium sulphate plasma, and from sodium chloride plasma, but in all 
cases with a negative result’. It therefore occurs in peptone plasma 
alone, and so should be regarded rather as a peculiarity of that form of — 
plasma, than as a normal phenomenon. 

To this objection Dr Wooldridge replies that vein-plasma has been 
obtained by allowing the vein to stand some hours in a cool place in 
order to permit of subsidence of the corpuscles taking place; and 
therefore the fibrinogen-A has already been precipitated. But if that 
is the case then the plasma according to Wooldridge’s own theory 
ought not to coagulate. He however might possibly say that the 
fibrinogen-A had been only partially precipitated when the vein stood 
in the cool place; and that there was still enough in the plasma to 
cause coagulation, but not enough to give a precipitate on cooling. But 
as I have repeated the experiment during the warm weather of June, 
with the same result as in January, such an explanation cannot hold for 
one moment. The vein was removed from the horse at 1.30 A.M. and 
the plasma examined between 9 and 10 o'clock the same morning. On 
cooling the plasma to 0° C, there was no trace of a precipitate. 

In reference to salted plasma, Wooldridge states that there are 
two varieties of salted plasma, one containing no A-fibrinogen, and this 
is not spontaneously coagulable; the other containing it and therefore 
being spontaneously coagulable. The spontaneously coagulable salted 
plasma, is sodium chloride plasma; that is plasma prepared by receiving 
the blood into an equal volume of 10°/, sodium. chloride solution. 
Under this head I suppose would also come sodium sulphate plasma 
which often coagulates rapidly when diluted without the addition of any 
fibrin-ferment. The form of plasma which is according to Wooldridge 
not spontaneously coagulable when diluted (without the addition of 
fibrin-ferment) is magnesium sulphate plasma: ie. plasma prepared — 
from blood which is received into about a quarter of its volume of a 
saturated solution of magnesium sulphate. | 


1 I have found that if either vein-plasma, or dilute salted plasma be completely 
frozen, that on subsequently thawing it, coagulation sets in very quickly (in 10—30 
seconds); this is probably due to the crystals of ice breaking up the white corpuscles, 
many of which still float in the plasma.. Nauck has previously noted this, and gives 
a similar explanation (loc. cit., p, 20). If however the corpuscles be completely removed 
in the first instance by centrifugalising for two hours in vessels surrounded by ice, 
no such phenomenon occurs, and clothing does not set in for si 15 minutes after 
thawing. 

PH. IX. | 19 
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But no form of salted plasma gives a precipitate on aaa it; this 
is admitted by Dr Wooldridge himself. The statement that sodium 
chloride plasma contains A-fibrinogen is thus a matter of pure inference: 
and the reasoning adopted by Dr Wooldridge in reference to this 


subject is a very obvious case of reasoning in a circle, as follows :—this 


form of salted plasma coagulates spontaneously, therefore it must 
contain fibrinogen-A; and because this plasma contains fibrinogen-A, 
therefore it coagulates spontaneously. 

In my own experiments I have not found any hard and fast line 
between the two forms of salted plasma. Magnesium sulphate plasma 
is generally the slowest to coagulate when diluted simply with water ; 
this is no doubt because some of the fibrinogen of the original plasma is 
precipitated by the use of this salt. Still I have had several specimens 
of magnesium sulphate plasma (sheep's blood) which when diluted 
without the addition of ferment have coagulated within an hour or 
two after dilution and Green* has had similar experiences. Sodium 
chloride plasma and sodium sulphate plasma are richer in fibrinogen 
because the proportion of the salt used is not sufficient to precipitate 
any of that proteid; and so as a rule they coagulate more quickly than 
magnesium sulphate plasma. Both magnesium sulphate plasma and 


sodium chloride (or sodium sulphate) plasma contain small quantities of 


fibrin-ferment, but that is prevented from acting by the salt present. 
The weak solution of the salt produced by dilution is not sufficient to 
hinder the action of the ferment, hence the production of fibrin i in the 
plasma when it is diluted. | 

Wooldridge seems to assume that the fibrinogen precipitated by 
the addition of magnesium sulphate to plasma is a different form of 
fibrinogen from that which remains in solution: but this renee is 
not supported by any analytical evidence. 

2. -That the occurrence of the so-called fibrinogen-A in peptone 
plasma is produced by the peptone is supported by the fact that if one 
takes a solution of “ Witte’s peptone” and cools it to 0°C. a precipitate 
is produced consisting of rounded granules, having very much the 
appearance of blood tablets. This occurs most readily in aqueous 
solutions of Witte’s peptone; but it also occurs in saline solutions of 
the same preparation; and also in solutions of it in serum. It also 
occurs on rapidly freezing the solution ; on thawing the frozen mass, the 
solution previously clear is seen to be markedly cloudy: on examining 


1 This Journal, vol. vi11., p. 355, 
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it under the microscope, the precipitate does not consist of such well 
formed round granules, as when the precipitate is formed more slowly 
at 0°C. Further investigation shows that this precipitate consists of 
hetero-albumose, and when that substance has been removed by dialysis 
and filtration, the remaining albumoses.and peptones are not precipitated 
by cooling. The precipitate of hetero-albumose, which is obtained by 
dialysis of saline solutions of Witte’s peptone also consists of similar 
rounded granules. | 

This is the criticism almost in ‘the same words in which it was 
originally made in my paper before the Royal Society. What. is Dr 
Wooldridge’s reply? It runs as follows :— 

“I do not use Witte’s peptone on account of its recognised. i im- 
purity, but that obtained from Dr Griibler’s laboratory in 
Leipsic, prepared according to Henniger’s method. A 10°/, 
solution of it in } °/, solution of sodium chloride is quite 
clear after filtration, and gives no precipitate on cooling to zero. 
It disappears wholly from the blood within one or two minutes 
after injection. Finally A-fibrinogen has properties absolutely 
different from the peptone injected.” 

This at first sight seems to be a thoroughly setadachry reply; but 
before accepting it, I procured some of Griibler’s peptone, and tested 
its purity. I made a 10°/, solution of it in a }°/, solution of sodium 
chloride: using no heat to dissolve the substance; (for heat partially 
precipitates hetero-albumose, and so this substance is removed when 
the solution is filtered). This solution has the following properties :— 

i. After filtration it is perfectly clear; its colour is a greenish brown. 

ii. On saturation with ammonium sulphate, there is an abundant pre- 
cipitate ; on filtering this off, the merest trace of proteid (peptone) remains 
in solution. In other words this preparation, like other commercial pre- . 
parations of peptone, contains the merest trace of true peptone, and consists 
mainly of albumoses. One would expect this from the fact that it prevents 
the blood from clotting; pure peptone has no such action, but it is the 
albumoses which Dr Wooldridge speaks of as impurities, which confer 
this power upon commercial preparations of so-called peptone. 

iii. On dialysis; there is a precipitate of romnes granules of hetero- 
albumose, 

iv. On cooling for some hours, there is a small precipitate of rounded 
granules resembling that obtained from Witte’s peptone. This precipitate 
is not nearly so abundant nor so easily produced as in the case of Witte’s 
peptone. It is exceedingly likely that. different preparations of this “‘ peptone ” 
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vary in composition, and possibly the specimen used by Dr se agen 
contains even less than mine. 
v. A solution (4°/,) of Griibler’s peptone in serum gives a similar 


small precipitate after prolonged cooling. 


In my original criticism I did not mean to assert that the precipitate _ 
obtained by cooling peptone plasma consisted merely of the injected 
albumose. What I meant was that the injected albumose produced 
such a change in the normal proteids of the plasma as to make one or 
other of them give abnormal reactions; it renders them for instance 
refractory to heat; they coagulate at temperatures much above the 
normal (90°C.)*; and it also causes one or other of them to be preci- 


pitable by cold. It seems as though the action of the albumose injected 


is to make one or other of the normal proteids of the =“ —- to 
itself in certain points, as in the two just specified. 

With regard to the disappearance of the “peptone” in the blood 
after injection, it would perhaps be more correct to say that it is diffi- 
cult to discover peptone and albumoses in peptonised blood. This may 
be because they are present in such small proportions as to be obscured 
by the overwhelmingly large amount of globulin and albumin present. 
But as Neumeister® has shown that they are after injection into the 
circulation excreted by the kidneys, we must also conclude that they 
exist either as such, or in a loosely combined condition in the blood for 
a time. 

Dr Wooldridge’s last point is, that fibrinogen-A has properties 
absolutely different from the peptone injected. Dr Wooldridge does 
not give a list of the differences, but I should imagine that the 
difference he would regard as most‘important is the existence of lecithin 
in the precipitate obtained by cooling peptone plasma, and the absence 


of lecithin in that obtained by cooling a “peptone” solution. As Dr 


Wooldridge himself says lecithin is next to proteid the most widely 
distributed substance in the animal organism, and as he quotes with 
approval Hammarsten’s dictwm that lecithin has been found wherever 
it has been looked for, he should have taken especial pains to purify 
this substance (fibrinogen-A) before analysing it; he gives no details of 
the method he has adopted of freeing it from all traces of plasma and 
corpuscles, and the lecithin contained therein; I should myself be inclined 
to believe that the lecithin present came from the admixture of ‘blood 


1 Wooldridge. Proc. Roy. Soc., vol. 38, 1885, p. 263. 
2 Zeitschr. Biol., yol. xx1v, p. 269, 
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tablets, white corpuscles, and blood plasma, with the precipitate pro- 
duced hy cooling the plasma. 

3. In connection with the subject of A-fibrinogen I must now 
allude to an experiment performed by Mr Green, and of which he has 
been good enough to send me the following note :— 


“Some magnesium sulphate plasma was dialysed in the cold (about 2°C.) 
till all sulphates were gone; then some was taken and diluted; a little 
calcium sulphate was added to one tube, and ferment and sitchen sulphate 
to another. (The point of the experiment was of course not connected with 
search for Wooldridge’s precipitate.) The last tube clotted after long 
standing. Just before the clot formed the liquid became cloudy or turbid. 

I noticed this and took the tube up to see if the fibrinogen was precipitating 
instead of clotting. Inclining the tube gently, the bag of threads of fibrin 
separated at the top leaving that part of the liquid quite clear, all turbidity 
having vanished for as far as I could see the fibrin threads. I replaced it 
gently, and with a pipette took out a drop of the turbid liquid below to see 
what the precipitate might be. It was then seen to be made up of bodies 
like Wooldridge’s blutplatchen. Where the threads lost their distinctness 
they blended. with this precipitate (if you may call it such), The threads 
themselves under the microscope showed their whole length with these 
globules entangled in the substance, not the meshes of the threads, The — 
globules could be fixed with osmic acid; they swelled up and fused with the 
threads with acetic or hydrochloric acid. 10°/, sodium-chloride did not 
dissolve them. I judged them to be nascent fibrin from the behaviour of the 


precipitate and threads respectively, and the ” that where the threads were 
formed the turbidity ceased.” 


This experiment is exceedingly interesting as showing that under 
certain circumstances fibrin when first formed may exist as a granular 
precipitate. I should think that Mr Green’s explanation of its being 
nascent fibrin a very probable one, but I am not inclined to regard it 
as the same thing as Dr Wooldridge’s fibrinogen-A. These granules 
were not obtained by cooling, and they passed directly into the condition 
of fibrin: whereas fibrinogen-A as described by Dr Wooldridge does 
not pass into fibrin but only yields up one of its constituent parts to 
fibrinogen-B to form fibrin. Dr Wooldridge would probably be the last 
to admit that Green’s precipitate is the same as his own, as it was 
obtained from magnesium sulphate plasma, a form of plasma in which 
according to Dr Wooldridge fibrinogen-A is absent. 


4. Lastly, I would ask in reference to fibrinogen-A, what becomes of 
of it after it has given its lecithin to fibrinogen-B? What percentage of 
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its lecithin does it give to fibrinogen-B? and what are the characters of 
fibrinogen-A minus the lecithin which it yields to fibrinogen-B? These 
are points which seem to me to require answering before the lecithin 
theory of en can be adopted. 


Fibrinogen-B. 


The following is a short resumé of the evidence upon which the 
existence of this substance rests. 

Peptone plasma does not clot as a rule on the addition of Siein 
ferment, or of serum. It does however clot when leucocytes are added. 
Sodium-chloride plasma also does not clot on the addition of ferment or 
serum. In those cases where clotting does not take place, it occurs when 
the plasma is diluted. Therefore the bulk of the coagulable matter in 
the plasma is not in the form of Hammarsten’s fibrinogen, but as a 
substance which is changed into Hammarsten’s fibrinogen by dilution; 
and to this precursor of Hammarsten’s fibrinogen, the name fibrinogen- 
B is given. It is very difficult to isolate this substance as in the process 
of isolation, it also becomes converted into Hammarsten’s fibrinogen. 
From these experiments the following are stated. to be the differences 
between fibrinogen-B and fibrinogen-C (Hammarsten’s fibrinogen). 

a. B-fibrinogen does not clot with fibrin-ferment, but it does 
clot with leucocytes, and other animal or vegetable cells. 

b. It clots with tissue fibrinogens. (This is an inference drawn 
from the fact that these so-called tissue fibrinogens cause intravascular 
coagulation.) | 

c. It clots with lecithin. (An inference drawn chiefly from the 
fact that peptone plasma clots with lecithin.) 

On the other hand 

a. Hammarsten’s fibrinogen does not clot with leucocytes or 
other animal or vegetable cells’. 

6. It does not clot with tissue fibrinogens, nor with lecithin. 
Underlying these statements is the fallacy that leucocytes contain no 

- fibrin-ferment which was the object of the first part of my paper to 
disprove. Lymph-cells and leucocytes yield very active preparations 


1 On pp. 269, 270 of this paper will be found some remarks bearing on the question 
of the influence of animal cells other than lymph-cells, on coagulation. Many of the 
experiments quoted by me show moreover that Hammarsten’s fibrinogen (as in peri- _ 
cardial fluid) does clot with fresh lymph-cells, or with cell-globulin derived from those 
cells. | 
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of the fibrin-ferment. Instead, however, of resorting to any such 
complicated theory to explain the facts obserued by Wooldridge a 
much simpler explanation is possible. _ 

Dr Wooldridge says fibrin-ferment causes no clotting i in peptone 
plasma. It does sometimes, but not always. Therefore he says the 
fibrinogen present cannot be Hammarsten’s fibrinogen. I should on 
the other hand say thatthe presence or influence of peptone prevents 
the ferment from acting as a rule, unless a very strong preparation of the 
ferment be used; then a clot is formed. lLeucocytes contain a very 
active ferment, therefore they cause clotting, whereas serum and 
Schmidt’s ferment are not so powerful. Then when the peptone plasma 
is diluted, fibrin-ferment causes coagulation. Why? Dr Wooldridge 
says because dilution converts fibrinogen-B into Hammarsten’s 
fibrinogen: on the other hand I should say because dilution diminishes 
the proportionate amount of peptone present, and so its inhibitory 
effect on ferment action is removed. If ferment be added to peptone 
plasma, and then a stream of carbonic acid passed through it, it clots. 
Dr Wooldridge says because the CO, changes the fibrinogen ; but I 
should say because the gas removes the inhibitory effect of the “peptone.” 

And just the same explanation holds with sodium-chloride plasma: Dr 
Wooldridge again says dilution causes a change of the fibrinogen-B 
into fibrinogen-C (Hammarsten’s fibrinogen): a much more obvious 
explanation is that dilution removes the inhibitory influence which 4—5 
*/, of sodium-chloride exercises on the ferment. In assuming 4—5 
*/, of salt has no inhibitory influence on the ferment, Dr Wooldridge 
is in error: I have often found that even } or 1 °/, solutions hinder 
very considerably the activity of the ferment, and so it will be seen. 
in all my experiments I have used a 0°3°/, solution of sodium-chloride ; | 
i.e. ordinary saline solution diluted with an equal volume of water. 

Now let us turn to those experiments in which Dr Wooldridge 
believes he has succeeded in isolating fibrinogen-B. He admits it is © 
very difficult, as in the process of isolation it is converted into fibrino- 
gen-C (Hammarsten’s fibrinogen); one precipitation, by means of half 
saturation with sodium-chloride, partially converts it; a reprecipitation 
completes the change. Still in some cases (in horse’s blood) he believes 
that he has been able to obtain it in a pure condition. The following 
is his method. Blood is received into magnesium sulphate solution 
(three or four volumes of blood to one of salt solution). The corpuscles 
are allowed to subside; and to the salted plasma an equal volume of 
saturated solution of sodium chloride is added. The precipitate so 
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produced is collected by means of the centrifuge, strongly pressed be-— 
tween filter paper, and then dissolved in weak alkali. This solution 
coagulates quickly on adding lymph corpuscles; and also on the addition 
of lecithin. No mention is made of the action of fibrin-ferment. It 
is however stated that the experiment with lecithin often fails. | 

I have repeated this experiment several times and the solution with 
me has never failed to clot with fibrin-ferment; and it has always failed 
to clot with lecithin. I have examined the precipitate prepared in this — 
method, and found that it contains two globulins, one coagulating at 
56°C. (this is the most abundant); another coagulating at 75°C. and 
traces of an albumin coagulating at 73°C. In other words, we have 
here an impure plasmine (fibrinogen and serum-globulin), admixed with 
a little serum-albumin. No wonder a preparation so purified contains 
lecithin. Hammarsten had to reprecipitate serum-globulin several 
times before it was entirely freed from lecithin. And if Dr Wool- 
dridge’s other fibrinogens have been similarly purified, it is easy to 
understand how lecithin has been always found. Fibrinogen-B is 
stated by the lecithin theory to obtain lecithin from fibrinogen-A when 


= 


coagulation occurs; we have here again no figures quoted to support 


this assertion. I think the whole of Dr Wooldridge’s results so far 
may be explained by three simple considerations: first, he is inclined 
to regard peptone plasma as normal plasma; secondly, he generalizes 
upon very slender foundations, for instance he draws very wide conclu- 
sions from his experiments on peptone plasma; and thirdly, he is in 
the habit of using impure substances, and has mistaken the lecithin 
which adhere to his preparations to be something essential, whereas 1 in 
all probability its presence is merely accidental. 


Intravascular coagulation. 


Under this heading I will confine my remarks only to experiments 
with the thymus gland, which is the only organ from which I have 
prepared what Dr Wooldridge calls a tissue fibrinogen. A saline 
extract (0°3°/, NaCl) of the fresh gland from the calf contains abundance 
of cell-globulin which acts in the same way as fibrin-ferment does ; 
that is to say, it causes dilute magnesium sulphate or sodium sulphate 
plasma to clot in a few minutes, which otherwise do not clot for hours 
or days: it causes hydrocele fluid to clot: and this power is destroyed 
at 75°—80°, the coagulating point of the globulin. Then the thymus 
gland if mixed with 10°/, solution of sodium-chloride, yields exactly 
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the same mucin-like globulin or nucleo-albumin as I have described 
as being formed from lymph-cells. The question arises does Wool- 
dridge’s tissue fibrinogen contain either of these substances. I sug- 
gested in my preliminary paper, that if the nucleo-albumin is present 
it might form strings of a slimy mucinoid description in the vessels, 
and that these would form the starting point for the thrombosis or 
intravascular coagulation that ensues. I felt justified in suggesting 
this, as certain similarities (especially in the results of gastric digestion) 
seemed to exist between the tissue fibrinogens as described by Dr 
Wooldridge, and the nucleo-albumins as described by Hammarsten. 
Dr Wooldridge however has pointed out that his so-called fibrinogen 
is not at all slimy, and that it cannot be supposed to cause clotting in 
the mechanical method I suggested, as it passes through many vessels 
and capillaries before it first causes clotting, i.e. in the soa vein in 
the dog. 

This I have repeated, and find that the substance gives no such 
slimy precipitate as I supposed sai I therefore withdraw the 
suggestion unreservedly. 

I have also confirmed Wooldrid ge’s s statement that the tissue 
fibrinogen contains no fibrin-ferment; neither the precipitate produced 
by acetic acid, nor the watery extract minus the acetic acid precipitate, 
(in each case dialysed from excess of acid) have the slightest action on 
salted plasma or hydrocele fluid; the strong acid used is no doubt very 
effective in destroying the ferment which is undoubtedly present in the 
fresh gland. 

This occurrence of intravascular coagulation is a very remarkable 
phenomenon; but while fully admitting Wooldridge’s discovery, I fail 
to see that it is a support to the lecithin theory of coagulation, any 
more than it is to the fibrin-ferment theory ; I fail to see what help it 
gives us at present in solving the question of the cause of the coagu- 
lation of the blood. Fibrin-ferment does not as a rule cause extensive 
intravascular coagulation. Wooldridge states that neither do leuco- 

weytes do so (though on this point, Kriiger’, who has repeated Wool- 
dridge’s experiments, differs from him). On the other hand pure 
lecithin has not the power either. So it is to say the least of it a 
premature conclusion to put down the action of the tissue fibrinogens 
to the lecithin with which the proteid substance in them is mixed. It 
is an equally possible explanation to suppose that this foreign proteid 


Zeit. Biol., xxtv. p. 189. 
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material acts destructively on the white blood corpuscles, so liberating 
cell-globulin or fibrin-ferment in an extremely active or nascent con- 
dition. It seems to me preposterous to suppose that any such sub- 
' stances as these tissue fibrinogens are normally concerned in bringing 
about the coagulation of the blood as it usually occurs when that fluid 
is shed", 


_ 4 The expenses involved in the foregoing researches have been partially defrayed from a 
grant made by the British Association to a committee appointed for the purpose of inves- 
tigating the physiology of the lymphatic system. oy 
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SOME POINTS IN THE PHYSIOLOGY OF GLAND 
NERVES. By J. ROSE BRADFORD, eine MRCS., 
George nr Lewes Student. 


(From the Physiological Laboratory of University College, London) 


In previous communications‘ it has been shown that excitation of 
the nerves of the salivary glands is accompanied by electrical changes 
which are opposite in sign, according as to whether the nerve excited 
contained in greater abundance so-called secretory or trophic fibres. 
The electrical change following the stimulation of the former fibres 
consists of a positive varjgtion of the current of rest, whereas a negative 
variation is seen on stimulation of the so-called trophic fibres of 
Heidenhain. It was further shown that the former effect was closely 
connected with the flow of liquid through the gland cells and ducts, and 
that the latter effect was similarly related in all probability to the 
elaboration of the organic constituents of the saliva. These results were 
obtained from a comparison of the effects in different glands, i.e. the 
submaxillary and parotid glands of the cat and dog, under different 


conditions. From certain apparently anomalous results, as, for instance, — 


the occasional free secretion of parotid saliva on sympathetic secretion, 
it was felt that the difficult question of the nature of gland nerves was 
one that required further investigation. 

The present paper details the result of work which was of the nature 
of an attempt in this direction. This question of the nature of gland 
nerves is intimately connected with the vexed question of the origin of 
the paralytic secretion, and hence some experiments were carried out on 
the effects following the division of the gland nerves, The effects of 
section of the chorda, sympathetic etc. were observed on thirty cats and 
dogs, and in all cases full antiseptic precautions were taken to ensure 
healing by first intention. In the experiments detailed below on the 
results of nerve stimulation, the gland was, in the great majority of 


1 Bayliss and Bradford, Internat. Anat. us Physiologie, 
Bradford, This Journal, vol. vi. p. 86. | 
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cases, examined from the electrical standpoint as well as from the 
secretory. In the later experiments, observations were only made on the 
secretion, but these were only a small proportion of the total number of 
cases. The electrical method was used, because, thanks to it, changes 
were detected which otherwise would have passed unnoticed. The 
actual method of experimentation was as follows: the animal was 


anaesthetized with chloroform and then from } to 3 of a grain of 


acetate of morphia injected hypodermically. A cannula was placed in the 
trachea and the cervical sympathetic exposed, ligatured and divided. 
A cannula was then inserted into Wharton’s or Stenson’s duct, the 
chorda tympani or the tympanic plexus was then exposed, in the former 
case the ‘conjoined tympanico-lingual was always divided centrally to the 
point where the chorda was actually stimulated. The flow of saliva was 


_ registered in the following manner: a glass tube of even bore (size 2°5 


mm.) was fitted with an ebonite piston, which worked in the tube easily 
but accurately. To the piston rod a light lever was attached at right 
angles, and this lever was arranged to write on the recording surface 


horizontally below two chronographs. One of these recorded the moment 


and duration of the excitation, whilst the second marked two second 
intervals, 

This piston recorder was connected to the cannula in the duct by a 
short piece of india-rubber tube, hence any flow of saliva was registered 
by a movement of the piston, recorded on the moving drum, as a curve, 
The piston recorder was fitted with a T piece, by means of which the 


saliva could be run out when the tube became filled. In some cases the 


percentage of solids in the saliva was determined for me by my friend 
Dr Halliburton to whom my best thanks are due. The electrical 
changes were frequently observed simultaneously with the record of the 
actual secretion, and the gland was led off in the manner described in 
former communications. By the above method a graphic record was 
obtained of the actual amount of secretion, also the rate at: which the 
fluid was secreted, as well as the latent period of the secretion, and 
further the accompanying electrical changes were observed. No doubt, 


the method employed is open to objection with regard to the measure- 
ment of the latent period, since « more or less variable interval must 


elapse between the actual commencement of the secfetion and the first 
movement.of the piston recorder. Inasmuch however as the instrument — 
used was a delicate one and the latent period is long, the error is in all 
probability a small one, and it is further diminished in importance from 
the fact, that the same recorder was used in all the experiments. Fre- 
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quently curare was not used, as even when the electrical phenomena were 
investigated it is quite possible by careful arrangement of the exciting 
and leading off electrodes to avoid any error due to muscular twitchings 
etc. In those cases where no electrical observations were made, curare 
was of course unnecessary. In many cases, it was found that the 
morphia alone (after the preliminary anaesthetization with chloroform) 
was quite sufficient to render the animal completely unconscious, no 
further administration of chloroform being necessary. It is important to 
mention this, as by this means a considerable source of error due to 
variations in the amount of anaesthetic was eliminated. 
We will now pass on to the consideration of the results obtained. 


_L. Excitation of the chorda of the dog by single induction shocks. 


_ As shown in previous communications, excitation of the chorda in 
the usual manner, ie. rapid shocks, is accompanied by a large electrical 
effect, showing the surface of the gland to have become negative to the 
hilus. Occasionally a small second phase is seen and this is particularly 
to be observed when the above large first phase has been abolished by a 
small dose of atropin, e.g. 5 mgrms. 

Single induction shocks Uo not so far as I have seen produce any 
very obvious secretion, although it is probable that there is really some, 
only it is too small in amount to be readily detected. A single induction 
shock of moderate intensity produces, however, an electrical effect in the 
gland, thus showing the advantage of this double method of investigation. 
The electrical change is a diphasic one and the actual difference of 
potential produced is quite small. The galvanometer (Thompson 
High Resistance) gives a deflection of some ten to fifty scale divisions, 
the hilus of the gland becoming first positive and then negative to the 
gland surface, If the strength of the excitation be diminished, it will 
be found that the electrical variation then. becomes a single one, the 
hilus becoming positive to the surface. It will, however, not unfrequently 
be found, that the first two or three excitations of the nerve produce no 
effect, the succeeding stimulation giving the typical diphasic result 
described above. If the strength of the induction shock be now increased 
so that it cannot be borne on the tongue, the variation will still be 
diphasic, but the second phase will now be distinctly the larger. In 
some cases and more especially if the shocks be repeated slowly one 
after the other, the second phase may become very large indeed. That 
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is to say, there is a kind of summation of the effect, but of such a 
character, that only the second phase is observed on the galvanometer. 
These facts are illustrated by the following experiment. In this case 
four shocks, two make and two break, were thrown into the chorda, at 
intervals of about one second. 


Weak 
Moderate -12, +60. 
Strong ~20, +250. 


It must however be understood that, although a single strong shock 
would also have given a diphasic variation with the second phase the 
larger, yet it would not have been as much as 250 scale divisions, unless 
the shocks had been repeated. 


II. Stimulation of the chorda of the dog by slow rhythmical shocks. 


' A. great number of observations were made as to the effects of 
slowly repeated excitations. By slow rates is meant any rate up to, but 
not exceeding, five excitations per second. Stimulation of the chorda 
by such rates as these, causes a large electrical effect showing the 
hilus to become negative to the surface, that is to say, the opposite 


phase to that usually seen on chorda excitation. Frequently the 


deflection amounts to between two and three hundred scalé divisions, 
and sometimes the spot of light has actually gone off the scale.. As a 
rule this rate of excitation causes no obvious secretion, or at the most 
an extremely minute quantity less than a drop. If the rate of 
excitation be now increased to twenty shocks per second, the gland will 
yield a free secretion and an electrical effect of opposite sign. In a 
very few instances a rate of five shocks per second has caused a slight 
secretion, and in these cases the electrical effect observed has been a 
diphasic one, the large second phase described above being preceded by 
a first phase of variable amount. Even in these exceptional cases, 
however, a further diminution in the rate of stimulation will cause the 
disappearance of the first phase and the accompanying secretion, so 
that here also slow rates of stimulation produce opposite effects to 
quick rates, Similarly slightly more rapid rates of excitation, ie. 10 
per second, will generally yield a diphasic variation, but not at all 
unfrequently the transition from the second phase produced by slow 
rates, to the first phase produced by quick rates (i.e. 20 per second), is 
quite sudden, intermediate rates not producing always a — 
variation, | 
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Thus we see that by different rates of excitation, we can get one and 
the same nerve, i.e. the chorda of the dog, to yield either a pure second, 
or a pure first phase, a free secretion accompanying the latter, but not 
the former. In other words, were it not for the electrical disturbance, 
we might conclude that slow rates were not capable of acting as a 
stimulus to the fibres of the chorda. 

The excitation of the sympathetic of the dog with these slow rates, 
i.e. five per second, also causes a large electrical variation consisting of a 
second phase. It is however only under exceptional circumstances that 
the sympathetic can be made to yield a first phase with quick rates, still 
if this nerve is yiokding a variation, by rates a phase 


only can-be obtained. 


IIL. Stimulation of the chorda of the dog by subminimal but rapid 


‘tate 


Very frequently, although not always, excitation of the chorda by a 
stimulus just too weak to cause an obvious flow of saliva, causes the 
same electrical variation as that described above as resulting from slow 
rates of stimulation ; that is to say a pure second corse often large, e. g: 
300 galvanometer scale divisions. 

_ It is certainly remarkable what a different effect can be produced by 
slight alterations in the strength of the current employed. In all the 
observations on subminimal stimulation, the rate of the shocks was 
50 per second. Under these circumstances it was often found, that 
moving the secondary coil one centimetre from the primary, was 
sufficient to cause the first phase seen with the stronger stimulus to 
become replaced by a second phase with the weaker stimulus. However, 
in certain cases where the chorda was very excitable and the gland very 
active, I have failed in getting any second phase with these subminimal 
stimuli, but this is decidedly exceptional. It is.to be remarked that the 
transition is always a sudden one, the stronger stimulus producing a 
fair if not copious secretion, and the weaker one causing no. obvious 
secretion, and what is perhaps more important no first phase. This 
is a much more delicate test of the actual presence of secretion than 
the mere inspection of the canuula in the duct, since, as shown in 
previous communications, a secretion never occurs without being 
accompanied by this phase of the electrical variation. | 
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IV. Stimulation of the chorda of the dog by rapidly interrupted shocks 
of moderate strength. 


It is needless here to describe the effects following this, the usual 
mode of excitation, and the only point of any importance with regard 
to the present paper is that the electrical variation under these 
circumstances consists of a large first phase (hilus+to surface) and 
that after this has been abolished by a small dose of atropin a 
small second phase is seen, which is eT abolished by a 
further dose of atropin. 


V. Beneficial effect of previous stimulation of the chorda. 


It will often be found that, at the beginning of an experiment, a 
rather strong stimulus is necessary in order to produce an at all copious 
secretion of saliva and a correspondingly well-marked electrical variation. 


Dog. Chloroform. Then morphia. Interrupter 50 per second. 


12.25 | Chorda 2 drops — 200 60 mm. 14” 
12,28 3to4 ,, ~ 400 80 ,, 
12.32. 3to4 ,, 900°. 1100: 12” 
12.35 |, 12” 
12.45 4to5 ,, —~400 | 160 , 10” 
12.50 4to5 -400 | 200 ,, 15” 
12.55 300 | 220 _,, 15” 
12.58 8to4 ,, —-150 | 240 ,, 14” 
lpm. ,, —150 | 250 ,, 18” 
1.3 dj lto2 ,, - 60 | 260 ,, 18” 
1,10 6 , | —offscale | 100 ,, 10” 


In the above table the sign — signifios that during excitatiun the surface, 
of the gland became negative to the hilus. 
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Now under these circumstances it will be found, that although a given 
strength of current fails to produce any secretion, yet if this same 
stimulus be thrown into the nerve three or four times in succession 
it will ultimately cause a very obvious if not copious secretion. Further, 
it will now be possible to greatly diminish the strength of the exciting 
stimulus, without in any way diminishing the amount of the actual 
secretion produced. 

It might at first sight be urged that all these effects are due to 
variations in the amount of anaesthetic, but, as mentioned before, in 
these experiments morphia was the agent used and hence this disturbing 
element of variations in the amount of chloroform, etc. was removed. 

This experiment is however an extreme case; in no other instance, as 
far as I have observed, has it been possible to so greatly diminish the 
strength of the stimulating current and yet obtain so copious a secretion. 
But in almost every experiment it is possible-to diminish considerably 
the strength of the current without diminishing the amount of secretion 
obtained, and further a stimulus at first subminimal becomes after a 
fow repetitions an effectual one. 

Very frequently not only has a stimulus early in an experiment 
failed to produce any obvious secretion, but it has also given only a very 
small electrical effect, which has subsequently become much larger in 
amount with the same excitation, and has then been accompanied by 
a perceptible amount of saliva, This investigation of the gland both 
galvanometrically and by observing the amount of secretion is of great 
value as the one method serves as a check on the other. It might be 
urged that the duct was not full at the commencement of the obser- 
vation, or that it became kinked etc., but that this is not the case is 
shown by the fact, that a corresponding increase in the amount of the 
galvanometric deflection is to be observed part passu with the increase 
in the physiological activity of the gland. The significance of this 
beneficial effect of excitation will be discussed more fully below, 

Before passing on to the consideration of the sympathetic there is 
another curious point which is sometimes to be observed, both in the 
normal gland, and in a gland the nerves of which have been divided 
some days previously. Occasionally, during the stimulation of the 
chorda no secretion is observed, and either there is no electrical effect 
or a small second phase only is observed; when however the stimulating 
current is shut off one or even two drops of saliva appear and a small 


_ first phase is seen. The latter may amount to as much as 100 galva- 


nometer scale divisions, but is much more often only half this in amount. 
PH. IX. 20 
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What the circumstances are which lead to this effect being obtained is 
not clear. It is certainly more often to be detected in a gland where 
the chorda has been divided some three or four days previously, but on 
several occasions I have seen the same thing in a perfectly normal 
land. 

2 It will be convenient to summarize here the principal results arrived 
at by the above methods of excitation, all the facts being understood to 
refer to the chorda tympani of the dog. 


1. Single induction shocks produce a diphasic variation and no | 


obvious secretion. 

2. Slowly interrupted shocks and quickly interrupted dike of 
subminimal intensity produce a’ large second phase and no 
obvious secretion. 

8. Stimulation of the chorda has a beneficial effect on the physio. 
logical activity of the gland, even when this stimulation is 
unaccompanied by any actual secretion. 

Although it is possible, as has been shown above, to produce by 
certain stimulation of the chorda an effect resembling more or less the 
usual effects seen on sympathetic stimulation, it is not possible to so 
excite the sympathetic as to get from this nerve a chorda-like effect, 
unless the latter nerve be previously excited as will be mentioned more 
fully below. 

Slow rates of excitation applied to the ieeatheia produce the 
same results as quick rates, that is to say a pure second phase. Of 
course as mentioned in former communications the sympathetic some- 
times yields a diphasic variation, more especially when the secretion is 
a little more abundant than usual. In these cases, the slow rates of 
excitation have caused only a second phase, but it has not been found 
possible, by any method of excitation used, to increase the amount of 
the first or water phasq This is of course in marked contrast to what 
obtains for the chorda. 

In the case of the sympathetic as in the case of the chorda the 
occasional secretion described above as occurring at the moment of 


shutting off the exciting current is to be observed, and in fact it was | 


with this nerve that this result was first seen. 

| On Heidenhain’s hypothesis of gland nerves we can explain most 
of the above facts by supposing that the so-called secretory fibres 

respond only to quick rates of excitation, and the so-called trophic 

fibres. to both slow and quick rates, since according to the well-known 

hypothesis of this distinguished observer, the chorda contains both 
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secretory and trophic fibres, whereas the sympathetic consists of almost 
pure trophic fibres only. It seems to me however that this hypothesis 
is inadequate to explain the marked improvement in the physiological 
condition of the gland after previous excitation of the chorda. This 
question however opens up the subject of anabolic nerve fibres and 
hence it will be more convenient to discuss it below. — 3 

We will now pass on to the question, as to whether the stimulation 
of one nerve previously to the other modifies in any way the results 
obtained on su bsequent stimulation of the second nerve, and first of all 
we will consider whether previous stimulation of the chorda modifies ine 
sympathetic effects. 

In a previous ‘ataiiartiaiiiea , instances were cited where the 
sympathetic of the dog yielded a copious secretion of submaxillary 
saliva, and as was then pointed out this apparently abnormal result 
was observed only after prolonged stimulation at intervals of the chorda- 
Since then I have on several occasions got this result, but I have not yet 
succeeded in being able to get it in every instance. Although in no case 
has this copious flow of sympathetic saliva been observed without 
previous stimulation of the chorda, yet frequently however after such 
stimulation of the chorda it has not been possible to obtain any ee 
secretion on excitation of the sympathetic. 

This occasional flow of sympathetic saliva is also to be obtained froni 
the parotid after previous excitation of the tympanic plexus and this fact 
Mr Langley’ has recently confirmed. There are two points about this 
flow of sympathetic saliva which are of some importance. In the first 
place it is at times exceedingly abundant, even exceeding the amount 
obtained by stimulation of the cerebral nerve, and secondly it occurs 
only after a long latent period. As mentioned in the previous paper as 
much as fifteen or even twenty drops have been obtained from -the 
submaxillary gland with a strength of stimulus that usually would only 
cause a secretion of some two drops. Langley’s results with the 
parotid do not quite correspond with mine, since he has observed a 
_ secretion always to follow sympathetic excitation, provided the tympanic 
plexus be stimulated immediately before the electrodes are applied to 
the sympathetic. In both the submaxillary and the parotid I have been 
unable always to obtain this copious sympathetic secretion, even after 
prolonged excitation of the cerebral nerve. Further, according to 
‘Lan ghey: in the case of the parotid, the latent period of the secretion 


1 This Journal, Vol. vi1t. p. 93. 
2 Langley, Proc. Phys. Soc. Feb. 1888, 
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is not remarkably long, nor is the actual amount of saliva great. In my 
own observations and more especially in the case of the submaxillary the 
great length of the latent period, i.e. several seconds, was very striking. 
In several instances the length of the latent period was such that at 
first one might have thought that the stimulus was not going to produce 
any effect, then suddenly the gland would begin to secrete copiously. 
Now although in different cases the actual amount of this abnormal 
sympathetic saliva varies, yet I would expressly state that sometimes it 
is extraordinarily copious, and this seems to be a point of some import- 
ance with regard to its causation. Of course the observation of this 
occasional sympathetic secretion is not entirely new, as Heidenhain 
and other observers mention incidentally its presence, but apparently 
they did not lay much stress on its significance. When this flow 
of saliva occurs, there is of course an electrical variation of opposite 
sign to that usually seen on sympathetic stimulation. The latent 
period of this secretion is so long that frequently during it the usual 
second phase is seen, and then suddenly the galvanometer indicates 
a large positive variation, or first phase, accompanied by the secretion. 
Hence here again by the electrical method we have a means of testing 
more delicately the gland changes, and it will be found that, even in 
those cases where previous stimulation of the chorda has apparently not 
modified the effects of subsequent sympathetic excitation, by observing 
the electrical phenomena we shall detect some change although perhaps 
only a slight one. That is to say, in those cases where the sympathetic — 


has been yielding a diphasic variation, previous chorda excitation will 


cause the first phase to be increased on subsequent sympathetic stimu- 
lation. Further when only a second phase is being observed, as a 
result of sympathetic stimulation, this variation can be rendered diphasic 
(i.e. preceded by a first phase) by previous chorda stimulation. Hence 
it may be concluded, that previous stimulation, especially if repeated, of 
the cerebral nerve tends to cause on subsequent sympathetic excitation 
a more abundant and watery secretion than usual, and this can be 
demonstrated not only by inspection of the flow of saliva, but also 
by observing simultaneously the electrical phenomena, remembering | 
that a first phase indicates a flow of liquid. 


We will now pass on to the converse question as to whether previous 


_ stimulation of the sympathetic modifies the character of the saliva 


obtained on subsequent excitation of the cerebral nerve. As is well 
known, Heidenhain determined that in the parotid at any rate 
previous stimulation of the sympathetic caused the saliva obtained 
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on subsequent stimulation of the cerebral nerve to contain a higher 
percentage of organic matters; this fact he explained on his well-known 
hypothesis. 

There is however another effect produced, since the saliva obtained 
on stimulation of the cerebral nerve is not only more highly charged 
with organic material, but it is also distinctly less abundant. This 
fact refers more especially to the submaxillary gland; as yet the truth of 
it as regards the parotid has not been tested. As regards the sub- 
maxillary, however, previous stimulation of the sympathetic distinctly 
tends to diminish the amount of secretion obtainable on subsequent 
chorda excitation as is seen from the following extract from the notes of 
an experiment. 


Dog. Chloroform and Morphia. Coil 20 shocks per second. 


Nerve Time | Electrical variation | Coil Saliva 
Chorda 5.11 - 100 80 mm. | 4 to 5 drops 
Sympathetic | 5.12 + 50 i nil 

Chorda 5.15 + 50 is 1 drop 
5.16 100 3 drops 
Sympathetic 5.17 + 50 Me nil 
Chorda 5.19 1 drop 
rm 5.20 - 70 ie 1 to 2 drops | 


In this case earlier in the afternoon the chorda had been yielding a 
copious secretion, this had diminished, but at 5.11 as is seen it was again 
pretty free. Stimulation of the sympathetic markedly diminished the 
amount of saliva obtainable on chorda excitation, this nerve however 
yielded more saliva on a second stimulation probably owing to the 
beneficial effect resulting from the first excitation. From the considera- 
tion of this, and several other similar experiments, it seems to me 
probable that in the dog at any rate previous stimulation of the 
sympathetic not only causes the subsequent chorda saliva to be more 
viscid, but it also causes it to be secreted in diminished quantity. This 
observation probably has some connection with the fact, noted by several 
observers, that simultaneous stimulation of both gland nerves in the dog 
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at any rate tends to diminish the amount of secretion obtainable or. 
even to arrest it. This observation however is only true for the dog, 
since Langley showed that in the cat simultaneous excitation of the 
chorda and sympathetic did not tend to diminish the amount of 
secretion obtained, since as a matter of fact the amount obtained was at: 
least equal to the sum of the amounts following separate stimulation 
of each nerve. If we accept the view that, in the dog at any rate, 
simultaneous excitation of both gland nerves tends to diminish the 
effects of the separate stimulation of the cerebral nerve, the results 
described above are due to a kind of after effect, following sympathetic 
irritation, which has a similar antagonistic effect on the secretion 
producible by subsequent stimulation of the cerebral nerve. : 

We must then conclude, that just as previous stimulation of the 
cerebral nerve tends to cause a watery secretion to follow sympathetic 
stimulation, so previous stimulation of the sympathetic tends to make 
the saliva, obtained on subsequent excitation of the cerebral nerve, less 
abundant. Langley’ has explained the parotid secretion seen by him 
on sympathetic excitation (after previous stimulation of the tympanic 
plexus), as a result of the vascular dilatation produced by the cerebral 
nerve improving the physiological activity of the gland structures, that 
is to say, he holds that the sympathetic of the dog normally contains 
so-called secretory fibres for the parotid, but that these are usually 
unable to act owing to the vascular constriction produced by the nerve 
excitation. If we accept this vascular explanation for these facts we 
may similarly reason that the constriction produced on sympathetic 
stimulation so affects the gland structures that subsequently the 
secretory fibres of the chorda are unable to effect their usual result. 
No doubt this hypothesis is perfectly able to explain some of the facts 
observed, but I am loth to believe that a nerve previously giving some 
two drops of viscid saliva can, owing simply to a persistence of a vascular 
dilatation, produce some fifteen or twenty drops. Further this expla- 
nation quite fails to account for what in most cases is one of the most 
remarkable points about this sympathetic secretion, Le. its long latent 
period. Again, if the sympathetic of the dog normally contains secretory 
fibres for the submaxillary in such abundance as to produce the amount 
of secretion mentioned above and yet unable to manifest their presence 
owing to the vascular constriction produced, stimulation of the sympa- 
thetic after its previous section ought to produce similar results to these 
following its excitation after previous stimulation of the cerebral nerve. 


1 Proc, Phys. Soc. Feb. 1888. 
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In both eases a vascular dilatation is produced, but I am not aware that 
an increased watery secretion is seen on sympathetic stimulation after . 
its previous section; to get this result previous excitation of the cerebral 
nerve seems essential. Again it is to be observed that the antagonistic 
effects of simultaneous excitation of both gland nerves are only observed 
in the dog not in the cat. Now there is, as far as is known, no difference 
in the physiology of these nerves in the two animals as regards their _ 
vaso-motor fibres, but with regard to their glandular nerve fibres there 
are as is equally well known great differences, In the one case we find 
the two nerves more or less antagonistic, in the other case we do not, so 
that this effect at any rate can scarcely be due to vaso-motorial phe- 
nomena. | | 

It might be urged that the vascular dilatation produced by section 
of the cervical sympathetic is not comparable to that following the 
stimulation of the vaso-dilators of the chorda, but even granting that 
the latter effect is the greater, the former ought to produce some effect, 
although possibly only small in amount, and this effect, even if small, 
would be detected by the galvanometric method used, but as mentioned 
above no difference has been detected. Again, Langley considers that 
the vascular dilatation produced by the cerebral nerve improves the 
condition of the gland structures, by the production of a kind of local 
apnoea, ie. the gland receives a better supply of oxygen, and it is this 
that enables the secretory fibres of the sympathetic to manifest their 
presence. Apnoea, as far as I have observed, is by no means a favourable 
condition for the production of a copious secretion; on the contrary I 
have often found when working with curarized animals anaesthetized 
with morphia that when the artificial respiration apparatus was being 
driven at a greater speed than normal, a diminished amount of secretion. 
was obtained on chorda excitation, and that this was markedly increased 
when the respiration was effected at a slower rate. This result is not 
due to differences in the amount of anaesthetic, since morphia was used, 
as it is quite possible to thoroughly anaesthetize with this drug provided 
chloroform be used at first. That is to say, chloroform is first given and . 
subsequently to this a hypodermic injection of morphia. It is quite 
possible by this means to have an animal so thoroughly narcotized that , 
no further administration of chloroform is necessary. 

Langley himself has shown that apnoea tends to abolish and 
dyspnoea to increase the amount of the paralytic secretion, and this 
secretion according to him is due to an increased activity of certain 
peripheral nerve cells. Now accepting this view of the nature and origin: 
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of the paralytic secretion, these peripheral nerve cells form a sort of 
mechanism placing the nerve fibres in connection with the gland cells, 
and inasmuch as they are affected in the manner described above with 
regard to the paralytic secretion, it seems scarcely probable that apnoea 
should have two exactly opposite actions in the two cases. That is to say, 
that apnoea should on the one hand inhibit the secretory impulses 
generating the paralytic secretion, and on the other hand enable the 
supposed secretory fibres for the parotid in the sympathetic to act. 

In the next place it seems that the more we know of secretion the 
less do we find it dependent on vascular phenomena. A free secretion 
can be-obtained from a gland nerve that causes a vascular dilatation, and 
an equally free secretion can be obtained from another gland nerve 
causing a vascular constriction. It is true that the example of the first 
case is found in the dog, and of the second in the cat, and that there may 
be some difference in the cells, etc. of the cat's submaxillary to what 
obtains in the dog. But this is really the main point at issue, that is to 
say that really the secretion is independent of the vascular changes and 
is due to differences in the gland cells, or in the gland nerve-cells. 
Hence this occasional sympathetic saliva seen after previous stimulation 
of the cerebral nerve and the diminished cerebral secretion seen after 
sympathetic irritation, are not due to local vascular changes, but 
are probably due to changes in the gland cells or gland nerve-cells 
produced by the antecedent stimulation of the other nerve. That 
is to say, that just as in the cat’s salivary glands there is something 
different to what obtains in the same glands of the dog, so that a copious 
secretion is obtained in the one case with vascular constriction and in 
the other with vascular dilatation, so in the dog an analogous condition 
can be temporarily produced in the gland structures by previous 
stimulation of the cerebral nerve. No doubt the view of Langley’s that 
this occasional sympathetic secretion is due simply to a persistence of a 
vascular effect is by far the simpler, but as discussed above it seems to 
me that such a view is untenable and that therefore we must seek 
elsewhere for an explanation of this abnormal secretion. 

Before however going into this point further, it will be more 
convenient (having established the proposition, that the amount and 
character of the secretion following the stimulation of a gland nerve can 
be modified by an antecedent excitation of the other gland nerve), to 
pass on to some points connected with the paralytic secretion and the 
effects following the section of the nerves of the submaxillary and 
parotid glands of the dog and cat. : 
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It is of course well known that section of the gland nerves of the 
submaxillary is followed by the appearance of this curiously slow and 
continuous secretion. Bernard, by whom this secretion was discovered, 
considered its cause to be the actual degeneration of the nerve-fibres. 
This observer also showed that section of the chorda alone was sufficient 
to produce this secretion. Heidenhain however found that the 
paralytic secretion began long before the nerve fibres were degenerated, 
and he was inclined to attribute the secretion to some effect produced on 
the gland cells by the stagnant saliva. 

Langley, however, who has re-investigated the question of the 
origin of this secretion in the submaxillary of the cat, has propounded a 
third hypothesis, which would assign to the nerve cells in the gland the 
role of being the chief agents in the production of this secretion. He 
considers the activity of these peripheral nerve cells to be increased by 
the section of the chorda, so that they are stimulated to pour forth a 
constant secretion by the condition of the blood circulating in the gland 
vessels, This view is partly based on the fact that the paralytic secretion 
is increased in amount by dyspnoea and diminished hy apnoea. This 
observer also thinks that the activity of a central secretory centre is 
increased by the nerve section for two reasons. In the first place, the 
paralytic secretion is diminished in amount during the first few days of 
its presence by section of the sympathetic. Secondly, section of the 
chorda as shown by Heidenhain not only produces a paralytic secretion 
on the same side, but a slight continuous secretion is also found on the 
opposite side, the so-called antilytic secretion. Both these effects are 
however quite temporary when compared with the paralytic secretion. 
Langley’ also showed that, after section of the chorda in the cat, 
excitation of the duct close to hilus produced a copious flow of saliva as 
long as thirteen days after the division of the nerve. He also found 
that stimulation of the superior cervical ganglion nineteen days after 
division of the cervical sympathetic still produced a free secretion. This 
last fact was based on one experiment and was considered by him to show 
. that nerve fibres for the gland entered the superior as well as the inferior 
cervical ganglion. Gaskell* has however since demonstrated that the 
superior cervical ganglion does not receive any white rami, at any rate 
in the dog. Hence this result of Langley’s is rather to be explained 

by stating that the nerve fibres degenerate up to, but not beyond, this 
ganglion after division of the nerve in the neck. | 


1 This Journal, Vol. v1. p. 71. 
2 This Journal, Vol. vit. 
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These being the results hitherto obtained, experiments were first 
made on the cervical sympathetic, since Langley had only divided this 
nerve once. In three cats the cervical sympathetic was exposed as low 
down in the neck as possible, and then divided. Full antiseptic 
precautions were always taken, and the wounds all healed by the first 
intention. This is a point of considerable importance, for it is not at all 
improbable that carelessness in this respect may lead to fallacious 
results. As will be mentioned below, any irritation at the seat of the 
wound will lead reflexly to a secretion of saliva that is liable to be 
confused with the paralytic secretion. Hence, it is to be understood that 
all the results described below were obtained in animals where the 
wounds healed without any suppuration, and in the two or three cases 
where the antiseptic failed the animals were immediately killed and the 
results of the operation not accepted. In the case of the division of the 
sympathetic in the three cats mentioned above, the results of the nerve 
section were examined three, five and six days after the operation 
respectively. A cannula was placed in Wharton’s duct, and the 
divided sympathetic arranged for excitation. It was found that even 
three days after the operation, stimulation of the sympathetic failed to 
produce any secretion whatever, although the application of the electrodes 
to the superior cervical ganglion immediately called forth an abundant 
secretion. Hence, three days after section, the fibres of the cervical 
sympathetic going to the submaxillary gland are completely degenerated, 
as tested physiologically, from the point of section up to the superior 
cervical ganglion. This fact is in marked contrast to what obtains for 
the chorda; where, as mentioned above, the nerve yields a copious 
secretion on stimulation for as long as thirteen days after division. 

In none of the cases in which the cervical sympathetic was divided 
was any paralytic secretion observed, and what is more important in 
cases where the animal was kept alive for as long as six weeks after the 
operation, there was no atrophy of the submaxillary gland to be detected. 
If the chorda had been the nerve divided instead of the sympathetic the 
gland would in this time have lost from one-third to one-half in weight. 
Even six weeks after the division of the cervical sympathetic, the 
branches from the superior cervical ganglion to the gland are not 
- degenerated and yield a free secretion on stimulation. . | 

Division of the cervical sympathetic having failed to produce affects 
at all analogous to those observed after division of the chorda, the 
next experiments were made on the superior cervical ganglion. This 
ganglion was extirpated in a number of cats with antiseptic precautions. 
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as before, and in all cases except one the wound healed perfectly and 
by the first intention, this one exceptional case was, however, of con- 
siderable interest, and further reference will be made to it below. In 
removing the ganglion the vagus was divided as well, otherwise it is 
difficult to ensure complete extirpation. The piece removed was always 
carefully examined, and in some cases sections were made of it, in order 
to be quite certain that the whole ganglion had been removed. The 
animal was also carefully examined post mortem in order to further 
verify the results. In this way there were only two failures, in one a 
small portion of the ganglion was not removed, and in the other (to 
which reference was made above) the wound suppurated, and the animal 
died of pyaémia. 

After extirpation of the superior cervical ganglion no sashitie 
secretion was observed, and no atrophy of the submaxillary gland 
followed. As a matter of fact the gland on the operated side was 
slightly heavier than the one on the other side. In one case forty- 
six days after the removal of the ganglion on the right side, the right 
gland was found to weigh 1°3 grms. and the left gland 1:1 grms. This 
difference in weight in favour of the gland on the operated side may be 
due to some accidental causes, but it has been observed in every instance 
and I am inclined to think that the removal of the ganglion is followed © 
by some slight increase in the size of the corresponding gland. If it 
should be established that the submaxillary or other gland increases in 
size after removal of the superior cervical ganglion, it would be a point 
of some interest with regard to the differences existing between the 
chorda and sympathetic nerves. However this may be, the important 
point is that in cats ablation of the superior cervical ganglion is not 
followed by any atrophy of the submaxillary gland, nor is there any 
paralytic secretion, and this is true even if the gland be examined after 
as long an interval as seven weeks after the operation. : 

After removal of the ganglion excitation of the sympathetic filaments 

on the gland artery fails to produce any secretion, showing that the nerve 
fibres are degenerated at least right up to the gland. 

In the case mentioned above, where the wound made in removing 
the ganglion suppurated, the operation was followed by a copious 
secretion, the saliva constantly dripping from the animal’s mouth during 
the six days following the operation. I think that in this case there can 
be but little doubt that the dribbling of saliva was really a reflex effect 
due to the irritation produced in the wound. It also seems not unlikely 
that the so-called antilytic secretion is also produced reflexly owing tv. 
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irritation. A point in favour of this view of its origin is the fact that it 
is transitory in its duration. | 

In all the cases in which the ganglion was extirpated, there was of - 
course well-marked contraction of the pupil and paralysis of the nicti- 


' tating membrane. Both these effects are much more marked after 
_ removal of the ganglion than after division of the cervical sympathetic. 


Further, on the side on which the ganglion had been removed there was 
a great deal more lachrymation than on the sound side; in fact there 
was a continuous and copious secretion of tears. These effects were all 
observed for as long as seven weeks after the operation, no animal having 
been kept alive for a longer period than that. 

In the light of Gaskell’s researches, it is perhaps not to be expected 
that section of the cervical sympathetic should cause any marked effects, 
since in all probability the great majority of the cut fibres do not 
degenerate beyond the ganglion. Still if the gland were normally 
constantly receiving impulses from the central nervous system through 
the sympathetic, the section of this nerve would probably produce some 
change in the gland. Hence, since extirpation of the superior cervical 
ganglion fails to produce any change in the gland of an atrophic nature, 
we may conclude that in the cat no impulses normally pass down the 
sympathetic of such a nature that their removal causes an atrophy of the 
gland. Further, inasmuch as no paralytic secretion is caused by either 
the removal of the ganglion or by the division of the cervical sympa- 
thetic, it is clear that, the section of this nerve does not lead to any 
increase in the excitability of either the central secretory centre or of the © 
peripheral nerve cells in the gland itself. 

We will now turn to some of the effects following the division of the 
chorda. As mentioned above, it is well known, that section of this nerve 
is followed very shortly, i.e. within twenty-four hours, by the appearance 
of the paralytic secretion and par? passu with this secretion the gland 
diminishes in size. It is interesting to note that this atrophy is very 
rapid in its onset and in its cause, so that it is readily appreciable within 
a few days, and ina fortnight or three weeks, the gland has diminished by 
quite a third of its bulk as estimated by its size and weight. One of the 
most interesting facts brought out by Langley was that after division 
of the chorda, the excitation of the duct near the hilus caused a secretion 
as long as thirteen days after the section. This delayed degeneration is 
in marked contrast to what obtains for ordinary motor nerves, and also 
for the nerves reaching the gland through the sympathetic. The first 
question that arose was whether or not the observed secretion was due 
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to any escape of the exciting current to the sympathetic filaments on 
the gland artery. To eliminate this source of error, experiments were 
made as follows: the superior cervical ganglion was removed and the 
tympanico-lingual nerve divided on the same side. The results were 
tested at intervals varying from three to eleven days in different cases. 
In all these cases, it was found that stimulation of the duct still caused 
a free secretion, notwithstanding the fact that excitation of the gland 
artery, Le. of the sympathetic on this vessel, failed to do so. Hence the 
sympathetic filaments were completely degenerated at a time when the 
chorda fibres were still capable of responding to a moderate stimulus. 

From these observations it is clear that in the cat the chorda does 
not degenerate rapidly after section like most nerves. There are, 
however, as is well known many nerve cells scattered along the course 
of this nerve, in addition to the submaxillary ganglion. There is 
however some difference of opinion as to the exact relations of this 
ganglion to those fibres of the chorda that are distributed to the 
submaxillary gland. This arises from the fact that in the dog a large 
proportion of the chorda fibres apparently passes over the ganglion, with- 
out becoming connected with the nerve cells, It is probable however that 
there are differences in the anatomical relations of the submaxillary 
ganglion in the animals since the division of the chorda in the two cases 
is not followed by the same results. In the dog, as will be described 
more fully below, there is not that great delay in degeneration that is 
seen in the cat. | : 

In order to investigate further the nature of the action of the 
_ submaxillary ganglion in the cat, the following experiments were made. 
In the first place the tympanico-lingual nerve was divided as high up as 
possible, i.e. at the border of the internal pterygoid muscle, so that 
a clear length of three-quarters of an inch of nerve intervened between 
the point of division and the submaxillary ganglion. A second set of 
observations was made on the effects of extirpation of the submaxillary 
ganglion. The results of this latter procedure, however, were not so 
satisfactory as those following the former. 

If the tympanico-lingual has been divided high up and this nerve is 
then excited from three to six days after its division, it will be found 
that no secretion follows the stimulus, as long as this is applied to the 
tympanico-lingual. If, however, the electrodes are applied to the 
chorda just where it leaves the lingual, or anywhere between this point 
and the hilus of the gland, a copious secretion is obtained, in fact just as 
much as if the nerve had not been previously divided. Hence, section 
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of the chorda in this part of its course is followed by degeneration of thé 
distal end as far as the position of this ganglion, but not beyond it, and 
this degeneration is so far advanced at the end of three days that 
excitation of the nerve is then without effect. It is probable then, that 
the nerve cells of the ganglion and also those scattered along the nerve 
exert a trophic influence on the fibres of the chorda hence delaying 


_ their degeneration after section. In order to further test this view the 


second set of observations on the results following extirpation of the 
ganglion were made, these results, although confirmatory of the view 
just mentioned, were not completely satisfactory. The extirpation of 
the submaxillary ganglion was performed in the following manner: the 
tympanico-lingual was divided, and then the triangular area of tissue 
bounded by the lingual nerve, the chorda, and Wharton’s duct was 
dissected up and removed after careful cleaning of the duct. In this 
manner it was possible to ensure the removal of the ganglion. As 
regards the effect of this operation on the lingual nerve, no difference 
could be detected between the results following it and those occurring 
after simple division of the lingual above the submaxillary ganglion, 
As a result of both operations sores are found on the border of the 
tongue in the anterior two thirds of its extent. Although in different 
cases the amount of injury to the tongue varied considerably, yet in 
no case could any difference be detected between those animals in which 
the nerve had been cut above the ganglion, and those in which the 
ganglion had been removed as well. As mentioned above, the results of 
extirpation of the submaxillary ganglion on the fibres of the chorda 
distributed to the gland were not found to be quite constant. This is 
no doubt due firstly to the difficulty of the operation, and secondly to 
the fact that nerve cells are found scattered along the nerve for some 
distance, so that it is probable that there are considerable anatomical 
differences in different cases. In two cases, examined three and six 
days respectively after the extirpation, excitation of the chorda even 
right down to the hilus failed to produce any secretion, although the 
sympathetic yielded a copious flow as usual with the same stimulus. In 
one case, however, the nerve not only gave a copious secretion when 
stimulated close to the gland four days after the operation, but the cut 
end next the ganglion also yielded a free secretion. That is to say, the 
nerve was not degenerated in any part of its course, although as far as 
could be determined the entire nerve had been cut. The fibres of the 
chorda do not always reach the gland in one compact bundle, a series of 
loops sometimes existing. It is then possible that in this case thé 
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whole nerve had not been divided, but I am inclined to believe from a 
careful examination of the part at the time, that this was not the case 
and that really the nerve had been completely divided. Again in other 
cases the following facts were observed: some days after section it 
would be found that stimulation of the nerve yielded no effect up to a 
certain point on the duct. Immediately however the electrodes were 
placed on the gland side of this point, a free secretion was obtained. 
Just as if in fact the nerve had not been divided some days previously. 

It seems probable then that the nerve cells scattered along the 
chorda and those of the submaxillary ganglion must exercise a trophic 
action on the fibres of the chorda going to the submaxillary gland. It 
is probable that the action of the nerve cells of the ganglion is 
supplemented by that of the nerve cells scattered along the course of 
the nerve, and this may be the explanation of the differences mentioned 
above. This trophic action of the nerve cells is shown by the delay in 
degeneration of the chorda fibres, and it is interesting to note that it is 
only a delay and not a complete prevention of degeneration. Thus in 
one case Langley found the chorda completely degenerated forty-two 
days after section. This.is in marked contrast to what obtains for the 
sympathetic, since stimulation of the superior cervical ganglion seven 
weeks after division of the cervical sympathetic still causes a copious 
flow. Whether this result is due to some difference in the action of the 
nerve cells in the two cases, or whether it is due to only some of the 
chorda fibres being connected with these nerve cells, the fact remains 
that their action tends rather to delay than actually to prevent the 
degeneration of the nerve fibres. Further, in all the cases where a 
secretion was obtained on excitation of the chorda after its division, 
some three to six days previously, it was noticed that the saliva 
obtained was markedly less viscid than normal, although obtained with 
quite weak stimuli. Langley also noticed this in one of his experiments, 
so that the result may be due to the trophic fibres degenerating more 
rapidly than the secretory ; before this could be settled, however, more 
observations would be required. 

Two observations were made on the effects following iukchueneial 
section of the seventh nerve in the cat. The operation was 
performed as follows: a vertical incision was made behind the mastoid 
process, and the occipital bone exposed, this was then trephined in such 
a place as to avoid the lateral sinus,-ie. the trephine was applied below 
the position of this. The cranial cavity being opened the hole in the 
bone was enlarged with bone forceps in a direction downwards and 
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outwards towards the petrous of the temporal line. The dura mater 
was then opened and the nerve raised on a hook as it entered the 
internal auditory meatus. In order not to make any mistake it was 
excited previously to division, and then cut with scissors, the cerebellum 
being gently held aside. The wounds remained perfectly aseptic as full 


_ antiseptic precautions were observed. It was found that three and four — 


days respectively after division of this nerve at the internal auditory 
meatus, stimulation of the tympanico-lingual produced as abundant a 
secretion as ever. Vulpian* had previously shown that stimulation of 
the seventh intracranially caused a secretion of submaxillary saliva. We 
may then probably conclude from these facts that by intracranial section 
of the seventh, the chorda fibres are really divided, and that they do not 
reach the facial via the large superficial petrosal. Inasmuch as the 
distal part of the nerve is not degenerated four days after such 
intracranial section, the geniculate ganglion probably has also a trophic 
action on the fibres of the chorda, It is possible however that the 
chorda may receive an accession of fibres from the tympanic plexus 
which would account for the secretion observed on stimulation after 
previous intracranial section of the seventh. It'is of course to be 
understood that in these two cases the auditory nerve was also divided, 
and hence section of the pars intermedia, which in all probability 
contains the chorda fibres, was ensured. 

Before discussing the results of these observations it will be more 
convenient to describe the results of a similar set of experiments carried 
out on the nerves of the parotid both in the cat and dog. 

“4 


VI. Effects of removal of the superior cervical ganglion on the parotid 
of the cat. : 

In two'cats the superior cervical ganglion was removed on the right 
side in the usual way and the wounds having healed up by the first 
intention, the cats were killed thirty-four and twenty-eight days respect- 
ively after the operation. In both cases there was not only no atrophy, 
but the parotid gland on the operated side seemed distinctly the larger 
of the two. This result tallies with what was described above with 
regard to the effects of the same operation on the submaxillary 
glands. It will be remembered ‘that in the cat the sympathetic 


1 Comptes Rendus, Tome 101, p. 851. 
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contains so-called secretory fibres for the parotid, since the excitation 
of the nerve is followed by a free secretion of parotid saliva. oka 

Having thus determined that the results of division of the sympa-- 
thetic were similar in the case of the parotid to those described for the 
submaxillary, the next observations were made on the results of des- 
truction of the tympanic plexus. : 


VII. Effects of the destruction of the tympanic plexus in the dog. 


These observations were made on the dog, since owing to the larger 
size of the parts in this animal, it is easier to perform the operation 
than it is in the cat. Various methods of destroying the plexus were 
used. The tympanic bulla was exposed in the usual manner by turning 
aside the digastric muscle, it was then trephined and the opening 
enlarged with bone forceps. The interior of the tympanum was then 
scraped out with a small Volkmann’s sharp spoon and then the cavity 
was scrubbed out with a solution of chloride of zinc of the strength of 
forty grains to the ounce. This, as is well known from surgical practice, 
destroys everything it comes into contact with, but it does not penetrate 
to any considerable depth, so that by its use there is no danger of con- 
siderable sloughing. By this means the plexus was very effectually 
destroyed, but it was found that it was exceedingly difficult to mani- 
pulate the sharp spoon in such a way as to avoid injuring the membrani 
tympani. If this membrane were injured it is obvious that the experi- 
ment was useless as the wound would in all probability become 
septic and so invalidate the result. Hence, although this method 
was exceedingly successful in a case to be mentioned below, it was 
abandoned for the above reason and the following used instead. The 
bulla was opened in the usual waf, and then by means of a capillary 
pipette three or four drops of pure carbolic acid were allowed to run 
into the tympanic cavity. It is very essential in destroying the plexus 
in this way to be sure that none of the acid comes in contact with 
the tissues exposed in the wound, as owing to its powerful local action 
there would be great danger of extensive sloughing. The wound was 
then scrubbed out with chloride of zinc sewn up and dressed antiseptic- 
ally with salalembroth gauze and collodion, In no case did the wound 
fail to unite by the first intention, but in one case a very small collection 

of pus, not more than two or three drops, formed around one of the 
superficial silk stitches, but in this case the deeper parts of the wound 
PH, 1X, 21 
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had perfectly united, so that this — pus did not vitiate the 
result in the least. 

After destruction of the tympanic plexus, there is marked phebpkcs 
of the parotid gland, thus in two cases where the animals were 
killed thirty-eight and twenty days respectively after the operation, 


‘both the parotid and submaxillary glands on the operated side were 


found markedly diminished in size. In the case where the tympanic 
plexus had been destroyed thirty-eight days previously the glands 
had diminished by quite a third of their post mortem bulk. 

In both cases stimulation of the sympathetic failed to cause any 
secretion of parotid saliva, and in both cases it was found on post 
mortem examination that the contents of the bulla had been very 
theroughly destroyed. In these cases not only was the tympanic 
plexus destroyed, but the carbolic acid had also destroyed the chorda 
as was shown by the atrophy of the submaxillary gland. This result is 
not I think to be explained by supposing the chorda to receive fibres 
from the tympanic plexus but rather as the effect of the carbolic acid 
directly on the chorda itself. 

In two other cases the results of the operation were cise five 
and seven days respectively after the destruction of the tympanic 


‘plexus, In both cases an obvious paralytic secretion of submaxillary 


saliva was present, but no paralytic secretion of parotid saliva was 
observed, although it is quite possible that this was present but 
obscured by the morphia used to anaesthetize the animal. In neither 
case did excitation of the contents of the bulla cause any secretion of 
saliva. Stimulation of the cervical sympathetic failed to produce any 
secretion of parotid saliva although it caused a fairly free flow of 
submaxillary saliva, ie. three to four drops. As mentioned above the 
destruction of the plexus involved that of the chorda as well, as was 
shown by the presence of the paralytic secretion of submaxillary saliva, 
and the effects following the destruction of this nerve in the dug were 
not found to be quite the same as those occurring in the cat. This 
point was well illustrated in the two cases just mentioned. | 

In the dog in which the plexus had. been divided seven days 
previously, stimulation of the chorda, even close to the hilus of the 
submaxillary gland with strong currents, failed to cause any but the 
very scantiest secretion. In the other case where the plexus had been 
destroyed but five days previously, the strongest current applied quite 
close to the hilus caused generally no effect and at the most one small 
drop of secretion after the excitation had ceased. It is important to 
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note that in both cases excitation of the sympathetic caused a free flow 
of saliva, i.e. three or four drops. Thus the absénce of secretion on 
chorda excitation was not due to any effect of the anaesthetic on the 
gland, but was due to actual degeneration of the nerve fibres. This 
degeneration of the chorda as early as five days after its previous 
destruction, is in marked contrast to what obtains for the cat, and 
hence the following experiment was made to investigate this matter 
further. In a dog, the right submaxillary gaiglion was removed and 
the chorda divided on the same side. On the left sidé the tympanico- 
lingual was divided above the ganglion and the condition of the nerves 
examined on the seventh day. On both sides even strong stimulation 
of the nerve close to the hilus failed to cause any abundant secretion. 
On the right side one drop and rarely two were observed after the 
excitation had ceased. On the left side rather more was obtained but 
not anything at all comparable to what would have been obtained in a 
cat under the same circumstances. It is curious that this difference in 
the rate of degeneration of the same. nerve in two such closely allied 
animals should exist, and it is another instance of differences that would 
scarcely be expected to be found in the physiology of the same secreting 
structure in the two animals. Whether or not there are any marked 
anatomical differences in the chorda of the two animals, I do not know, 
but the result described above for the dog, i.e; the early degeneration of 
the chorda, quite corresponds with the anatomical fact that in the dog 
most of the fibres of the chorda pass over rather than through the 
submaxillary ganglion, Hence in all probability most of the chorda 
fibres are not connected with the nerve cells of this ganglion, and hence 
the nerve degenerates rapidly after its section. In the cat, on the other 
hand, there are many nerve cells scattered along the course of the nerv: 
and here after section the nerve degenerates slowly. The period at 
which a nerve fibre loses its excitability after section is differently stated 
by different observers,. Bowditch’, however, in some recent experiments 
on vaso-motor nerves found that five days was the outside limit, that is 
to say that on the fifth day the excitation of the nerve failed to produce 
any effect whatever. On the other hand although the third day was 
the earliest period at which the degeneration of the nerve could be 
detected histologically, yet on the second, the excitation of the nerve 
would give evidence of degenerative change. In my own experiments 
on the sympathetic of the cat I found that three days after section 
excitation of the nerve failed to cause either any secretion, or any 


1 This Journal, Vol. vi. p. 416. 
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galvanometric deflection. This also holds good for the chorda when the 
nerve is cut above the submaxillary ganglion and tested physiologically 
as far as the point at which it leaves the lingual. In both the cat and 
dog the chorda degenerates rapidly down to this point, after its division 
higher up, ie. either at the edge of the internal pterygoid muscle or in 
the tympanum. It is only when the nerve is divided distally to the 
point where it leaves the lingual, that variations are to be detected in 
the duration of the period elapsing between the section and the loss of 


-excitability. It is precisely at this point of divergence from the lingual, 


that the chorda ceases to be a nerve in the strict sense of the word, 
since nerve cells are here scattered along its course. ~Having thus 
detailed the observations that have been made we will now sonchude by 
summing up the main results arrived at. 

In the first place, it is seen that it is only by the destruction of the 
cerebral nerve that a paralytic secretion, accompanied by an atrophy 
of the gland substance, is produced. This is true for all the salivary 
glands both in the cat and dog. This paralytic secretion may from 
Langley’s experiments be considered to owe its existence to a 


heightened activity of a peripheral mechanism situated in the gland 


itself. This mechanism consists probably of the numerous nerve cells 
that are found in the gland. : 

The atrophy of the gland following the section of the cerebral 
nerve has been shown by Langley to be associated in the submaxillary 
of the cat at any rate with a diminution in the protoplasmic part of the 
gland cells, The question that requires to be answered is, How comes it 
that the activity of this peripheral centre becomes so increased after the 
section of the cerebral nerve? The division of such a nerve as the 
chorda, connected as it must be with this peripheral mechanism, may 
affect this mechanism in one of two ways. Either the section produces 
a more or less irritant effect, i.e. produces an impulse, or else it effects 
the removal of impulses that were previously passing down the nerve. 
Inasmuch as both the cerebral and the so-called sympathetic fibres 
must be connected to the peripheral gland mechanism, if the paralytic 
secretion owed its origin simply to the irritative effects of the nerve 
section, one would expect atrophy to follow destruction of the sym- 
pathetic fibres, This however is not the case, either for the sub- 
maxillary or the parotid gland. 

Hence we may conclude that the section acts not by the generation, 
of new impulses, but by cutting off impulses normally reaching the 
glands through their cerebral nerves. Lastly inasmuch as the chorda, 
tympanic plexus and sympathetic of ‘the cat contain both secretory and 
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trophic fibres of Heidenhain, and yet the atrophy only follows de- 
struction of the cerebral nerve, it is clear that these impulses do not in 
all probability descend along these so-called secretory and trophic fibres. 
In other words, the chorda and tympanic plexus of the cat differ funda- 
mentally from the sympathetic in the same animal in regard to the 
results of section, although the phenomena following the stimulation 
of the two nerves greatly resemble one another as regards the nature of 
the secretion obtained. | 

Hence, I would suggest that the chorda for the submaxillary and 
sublingual glands and the tympanic plexus for the parotid contains 
anabolic fibres distinct from the so-called secretory and atrophic fibres of 
Heidenhain. In the following pages the terms anabolic and katabolic 
are used in the sense in which they have been employed by Gaskell 
and worked out by him with reference to the heart. It will no doubt be 
urged that we cannot go on multiplying the fibres present in gland 
nerves in this way, but it must be remembered that in all probability 
some differences which physiologists recognize between nerve fibres are 
really differences in their peripheral connections only. Further the 
evidence on which the existence of distinct anabolic fibres is based is 
rather too strong to be ignored. Thus, as previously mentioned, repeated 
stimulation of the chorda at the commencement of an experiment, is 
frequently accompanied by a great improvement in the amount of 
secretion obtained. An objection to this fact being due to the excita- 
tion of anabolic fibres is that the observed result is due to differences 
in the anaesthetic. This objection however is untenable since in my 
experiments no anaesthetic but morphia was used, no chloroform being 
found necessary after the operation. Inasmuch as a long interval, 
sometimes as much as half an hour, was allowed to elapse between the 
actual operation and the observations described above, it is clear that the 
results cannot be explained on the view of variations in the amount of 
anaesthetic. Another point in favour of anabolic fibres is that frequently 
increased activity is seen after the employment of subminimal excita- _ 
tions where no secretion has been obtained, but where the subminimal 
stimulus has soon become minimal. 

Secondly, section of these nerves is followed by diminution in size 
of the glands supplied by them and there is also a diminution in the 
protoplasmic portion of the gland cells. In other words after the 
section of these nerves katabolic changes go on leading to the production 
of the paralytic secretion but these are unaccompanied by any anabolic 
phenomena and hence the glandular atrophy. 

Thirdly, during rest the protoplasmic part of the gland cells in- 
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creases in size, hence here we have the opposite condition to the paralytic 
secretion, in the latter only katabolism, in the former anabolism. 
It is on these three facts that the view of the existence of anabolic 


fibres mainly rests. No doubt most physiologists are prepared to grant 


the existence of anabolic gland fibres, but they mostly tend to one of two 


beliefs, either that these fibres are present in both nerves, cerebral and 
sympathetic, or that they are probably not distinct from the so-called 


secretory and trophic fibres. On either of these views they would urge 
that the chorda and tympanic plexus only contain relatively more se- 
cretory and hence more anabolic fibres than the sympathetic. In other 
words the differences between the two nerves are differences of degree 
and not of kind. 

An insuperable difficulty to this view is that ablation of the superior 
cervical ganglion in the cat fails to produce any atrophy whatever, either 


in the submaxillary or the parotid, and not only is this so but as mentioned 


above the glands on the operated side are actually slightly larger and 
heavier than those on the sound side. These facts seem also to point 
to the conclusion that distinct anabolic fibres exist in the cerebral nerves 
for all the salivary glands. 

Granting then the existence of anabolic fibres in the cerebral nerve 
only and also granting the existence in the gland of a local secretory 
mechanism, we may I think get a more satisfactory explanation of the 
nature of the paralytic secretion. As mentioned above the evidence of 
a local secretory mechanism is based on Langley’s work on the para- 
lytic secretion, in which he advanced the view that this secretion 
was due to the nerve section causing a heightened excitability of 
this peripheral mechanism. We have discussed above this view and 
have arrived at the conclusion that the division of the chorda acts 
more by removing impulses normally reaching the gland than by gene- 
rating fresh impulses. If now the chorda contains anabolic fibres as 
advanced above, it is fair to assume that normally impulses are con- 
tinually reaching the gland through these fibres and so building up the 
gland protoplasm. On the other hand we know that impulses are not 
constantly reaching the gland through the secretory and trophic 
fibres of Heidenhain, since the gland only secretes in response to a 
stimulus generally of reflex origin. These secretory and trophic fibres 
of Heidenhain we can group together under the term katabolic, 
although perhaps it is not strictly accurate to class them together. 
We could then say that whereas impulses only occasionally go down the 
katabolic fibres, there are always anabolic impulses reaching the glands. 
Further knowing that there is a peripheral secreting mechanism in the 
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gland capable of manifesting its presence under certain circumstances, e.g. 
after section of the chorda, it is probable that normally these anabolic im- 
pulses inhibit the activity of this local mechanism. In secreting glands 
suchas thesalivary glandsthereis then an intrinsic mechanism 
thanks to which the gland protoplasm is able to manifest its 
special function, i.e. secretion. This mechanism is connected 
to the central nervous system by two sets of nerve fibres, the 
anabolic and the katabolic, the former are only present in the 
cerebral nerves the latter in both. The anabolic fibres tend 
to inhibit the activity of this local centre, the katabolic to 
increase it. On this view the paralytic secretion would be caused by — 
the removal of these inhibitory impulses, and would be simply the 
manifestation of the activity of this peripheral centre normally held in 
check by the central nervous system. As mentioned before this 
peripheral mechanism is probably represented anatomically by nerve 
cells, since these are always found wherever a paralytic secretion has 
been. demonstrated. If this view of the origin of the paralytic secretion 
is correct the secretion ought to commence soon after the division of the 
cerebral nerve. Heidenhain has observed this secretion as soon as four 
hours after division of the chorda, and this relatively long time is 
perhaps the strongest argument against this view of its origin. Four 
hours however is not so long a time for an independent activity to 
manifest its presence, whereas it is rather a short period for a more or 
less pathological increase of activity to take place in. Again granting 
that the paralytic secretion is due to the activity of a peripheral and 
presumably nervous mechanism, it seems more in accordance with recent 
physiology to regard this activity as something inherent in these cells, 
than to regard it as Langley does as due to the action of the blood on 
these nerve cells. Although, the fact, that conditions of the blood such 
as dyspnoea and apnoea increase and diminish the amount of this 
secretion, affords evidence of the nervous origin of the paralytic 
secretion, yet these facts can scarcely be adduced as proving that the 
secretion itself is produced by the action of the blood on the nerve cells 
in the gland. 


On the view shortly advanced above we would picture to ourselves 
a peripheral secreting mechanism in the gland the activity of which is 
normally held in check by impulses descending certain fibres of the 
cerebral gland nerve. These impulses are of an anabolic nature and 
probably descend along fibres distinct from the so-called secretory and 
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trophic fibres of Heidenhain. On the other hand the activity of. this 
peripheral mechanism can be increased by impulses descending the — 
other fibres of the chorda, these impulses being of a katabolic nature, 


and the nerve fibres which convey them are not restricted to the cerebral 


nerve but are found more or less abundantly in the sympathetic channels 
also. 

The relations of these katabolic fibres to the peripheral mechanism 
must be very complex; since firstly, such a nerve as the chorda of the 
dog can by different methods of excitation be made to yield diametrically 
opposite electrical variations, and secondly not only the character but 
the amount of secretion obtainable on the excitation of a given nerve 
can be largely modified by the previous excitation of the other nerve. 
This last fact seems to point to the conclusion that the condition of the — 
peripheral mechanism, at the moment at which it receives an impulse, 
largely modifies the result of that impulse. . That is to say, that if the 
previous stimulation has been of such a kind as to cause a watery 
secretion, any subsequent stimulus tends to cause a like secretion, this 
effect however being transitory. Further the large amount of secretion 
sometimes seen under these circumstances and the great length of 
latent period seem. to indicate that the energy of the sympathetic 
impulses is diverted into quite a new and unfamiliar channel. That 
is to say, instead of leading to the elaboration of mucin the energy of 
the nervous impulses causes the elimination of a large quantity of 
water. These facts are explicable if we assume, that the chorda and 
sympathetic fibres are connected to this intermediate mechanism and 
that the condition of this mechanism largely modifies the results of any 
given nerve excitation. Finally whereas the nerve cells of the superior 
cervical ganglion seem to maintain a permanent trophic action on the 
fibres of the nerve distributed to the gland, the nerve cells scattered 
along the chorda only delay the process of degeneration after division 
of the chorda. This delayed degeneration only obtains in the cat; as 
mentioned above the chorda of the dog degenerates rapidly after 


section. 


In conclusion it will be well to state that the observations on which 
the above views have been advanced have been carried out during the 
last four years and that they have been very numerous. It is necessary 
to state this as it might be thought that the above conclusions had 
been rapidly drawn from the considerations of a few experiments only, 


The expenses of this research were @ partly defrayed out of grants 
made by. the Royal Society. 
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ON DIGESTION IN HYDRA; WITH SOME OBSER- 
VATIONS ON THE STRUCTURE OF THE ENDO- 
DERM. By M. GREENWOOD, Girton College, Cambridge, 
Demonstrator of Physiology, Newnham College. Plates VI. and VIL. 


(From the Physiological Laboratory, Cambridge.) 


In the Archiv fiir Mikros. Anat. xx1x, Nussbaum published a 
paper on the “Divisibility of Living Substance.” In this paper, after 
reviewing the specific characters of Hydra as described in the writings 
of earlier workers, he distinguished among such specimens as are desti- 
tute of chlorophyll, Hydra fusca, Hydra grisea, and the straw-coloured 
Hydra (H. attenuata, Roesel). Such characters as colour, the number 
of tentacles present, sharp or gradual passage of the Hydra’s body into 
its narrower, paler foot formed the basis of classification. 

When I began to make the observations which have led me to 
write this paper Nussbaum’s account had not appeared, and I did 
not record the differences which existed before death in the specimens 
of Hydra which I examined. Since this is the case and since, further, 
I have been unable in later investigation to associate any certain 
variation in structure with variation in number of tentacles and in 
depth of tint, I apply the name Hydra fusca alike to forms which are 
bright brown or very dark brown, which have six, seven or eight ten- 
tacles and which taper gradually to their basal point of attachment— 
the sucker—or exhibit a cylindrical body and a well-marked narrower 
columnar foot. I do this with the greater confidence since Nussbaum’ 
after describing the characters of the endoderm of Hydra grisea adds 
that in the case of Hydra fusca the structure is on the whole the 
same. 

In the living membrane of the body cavity of any brown specimen 
of Hydra it is generally comparatively easy to distinguish two sorts of 
cells—the larger vacuolate endoderm cells with amoeboid ends and 


1M.Nussbaum. Archiv f. Mik. Anat, xx1x. 1887. 
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retractile cilia, and, lying singly between groups of these, smaller cells 
destitute at all times of the vacuoles which form so conspicuous a 
feature of the endoderm generally, and (as far as I have seen) without 
amoeboid movement. Many descriptions of the larger vacuolate cells 
are given by various observers, since the time of Leydig (1854); it is 
only Nussbaum’ and Jickeli*® I believe who have described and 
figured cells of two kinds. To the smaller elements of the endoderm 
both observers give the name of gland cells; but while Nussbaum 
describes their appearance as varying in different specimens and there- 
fore hints at the performance of correlated function, he brings forward 
no experimental evidence of their glandular nature, and such evidence 
is wanting in Jickeli’s account. I may say at once that I shall have to 
record observations which seem to support the view that, during diges- 
tion especially, active secretory processes go on in these cells. And 
therefore, although these observations must be weighed against others 
not clearly in harmony with such an hypothesis, or not best explained 
by it, I keep the phrase used by Nussbaum and Jickeli and speak as 
they do, of gland cells. 

Let me describe in some detail the points in minute structure which 
strike the observer of these two endodermal elements, and after such 
description deal with the manner in which they line the body cavity 
of Hydra and with local modifications found in the foot and round 
the lip. 

Vacuolate endoderm cells. In the larger endoderm cells (Plate 
VI. £ figs. 1, 2, 3, 4,6) one may distinguish structural features which 
are relatively permanent, and others which slowly come and go. Thus ~ 
cell substance, a nucleus with at least one well-marked nucleolus, 
and fluid forming a vacuole or vacuoles are discernible whatever the 
condition of the animal examined; they are not however always 
‘obvious, for changing circumstances bring one or another into rela- 
tive prominence. Among the temporary constituents of the cell 
we may distinguish the brown or black pigment, and certain spherical 
deposits of proteid, probably of the nature of reserve material. 

1. The Cell substance forms the external layer of the cell; it is 
somewhat massed towards the attached base, and more so at the free 
border which I will call the apex, here giving rise to a fairly con- 
spicuous semilunar accumulation. (Fig. 1, Plate VI.) Bridles of cell 


1M. Nussbaum. Op. cit. 
2 C, F, Jickeli. Morpholog. Jahrbuch, Bd. vm. 18838. 
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substance, such as commonly pass from the perinuclear protoplasm of 
a vegetable cell to that layer of substance which lines the wall, are rare 
in the endoderm of Hydra, for the nucleus is excentric in position and 
projects inward from one lateral wall, but the apical mass-of protoplasm 
in its inner part may be honeycombed by small vacuoles (fig. 1, V). 
It is in this apical mass that the slight power of amoeboid movement 
possessed by the cells becomes manifest, and in specimens examined 
in the fresh state it is exhibited by the formation of blunt hyaline 
projections which arise from the apex of each cell and are never 
probably more than one-fourth of the depth of the aggregation of 
substance from which they spring. Retractile cilia may also be given 
off from the endoderm into the body cavity, one or two taking origin 
in each cell. I do not believe that they co-exist with the blunt 
amoeboid protuberances, and I have not seen them in living, teased 
specimens: it may be then that the power of emitting a long cilium 
is lost with the integrity of the animal, the injury effected by rupture 
allowing only the formation of a lobate projection. (I ought to add 
that Nussbaum’ describes the occurrence of ciliary action for some 
ten minutes after teasing a fresh Hydra, and says that later only 
blunt pseudopodia are formed.) That part of the protoplasm of the 
endoderm cell which is not immediately concerned in the putting 
out of a projection is, in the fresh state, very faintly granular, while 
the region which moves is hyaline; this differentiation is not how- 
ever made permanent by hardening reagents, and I am unable to make © 
any very definite statement of the nature of the structural details 
brought out by their action. The cell substance appears to me, after 
hardening in Flemming’s fluid (and this is the reagent which gives the 
most satisfactory results), to show rather coarse and irregular granularity. 
While saying this I must add that no definite rounded granules occur ; 
the appearance which greets one might indeed be ascribed to the 
. presence of short fine fibres lying in many planes, or might even be 
taken as indicative of the existence of an inadequately defined, irregular 
network. 

Two points in the disposition of the protoplasm of an endoderm cell 
remain, and demand notice. In the first place part of the substance of 
the lateral wall may bulge internally, forming spherical projections 

‘shaped after the fashion of those which hold the nucleus in place, and 
these at times enclose solid bodies,—the constituents of the cell to which 


1M. Nussbaum. Op, cit. 
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I have already alluded as relatively temporary imtheir nature, and 
which I shall presently describe in detail. In the second place such 
spherical bulgings may exist and hold no solid matter but apparently a 
fluid; in this case they are apical rather than lateral in origin and 
‘project down into the main vacuole. (Fig. 2, v, Pl. VI.) 

_ Thus we have in each endoderm cell an external sheath of substance 
with slight basal accumulation and more marked apical gathering 
bounding a central vacuole. Further, this substance displays great 
extensibility, and may gather fluid into itself to form scattered vacuoles, 
or may send out internally local extensions of itself — act as 
investments for solid particles of foreign matter. 

2. The Nucleus. The nuclei of these endoderm cells are generally 
conspicuous, and hold at least one well-marked nucleolus. The nucleoli 
seem constantly dense and homogeneous in specimens hardened in 
Flemming’s fluid or macerated in this fluid greatly diluted; the 
_ substance of the nuclei on the other hand shows, after the application of 
these reagents, irregular granularity, much like that displayed by the 
substance of the cell. | 

The nucleus is found most commonly in the lowest third of each cell 
bulging into the vacuole, and is bounded internally by a thin pellicle 
of protoplasm; occasionally however it may lie quite near the base, 
or again may be displaced apically. (Figs. 3, 6, nuc. Pl. VI.) The 
changes of position which come about in the nucleus and in any other 
solid bodies which may happen to be present in the endoderm appear 
comparable to the movements of chlorophyll corpuscles in the proto- 
plasm of a plant cell under the stimulative action of considerable 
changes in illumination. 

3. The Vacuole. In the locating statements, while I have wished 
to deal only with the cell substance and nuclei of the endoderm of 
Hydra, it has proved difficult to avoid reference to the fluid which con- 
stantly occupies the middle region of each large cell, and forms the third 
of those cell constituents which 1 regard as permanent. This fluid varies 
considerably in amount and not a little in disposition. Typically it 
exists as a large central vacuole unbroken by bridles of protoplasm, while 
the nucleus and any other differentiated solid matter which may be 
present project into it from the base, side or apex of the cell, and are 
held in place by an investing sheet of protoplasm. Sometimes (fig. 1, V, 
Pl. V1.) however fluid is gathered by the apical cell substance into tiny 
vacuoles in itself; this is a characteristic appearance during the early 
stages of digestive activity, and it is at a somewhat later time, that is to 
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say, after digestive activity has been marked that the total quantity of 
fluid present is the least. It is actually lessened because (I believe) it 
contributes to the secretion, which poured into the body cavity effects 
the solution of ingesta, and it is made especially inconspicuous at this 
juncture by the accumulation of the products of digestion. During: 
hunger periods, on the other hand, fluid gradually gathers, and it is 
never so obvious as after long fasting. Thus the impression of marked 
vacuolation or the reverse which examination of an endoderm cell 
conveys is the effect of two co-operant factors,—accumulation or loss of 
centrally lying fluid, and presence or absence of the temporary: con- 
stituents of the cell. 

I pass now to the consideration of these temporary elements and, 
accepting for purposes of discussion the division I have above indicated, 
classify them as nutritive spheres, and grains or masses of pigment. 

4. Nutritive spheres. These are figured at n in figs. 2, 3, 5, 6, 7, 
Pl. VI. and have been previously described, though with marked brevity, 
by all writers on the structure of Hydra. They are spoken of as 
“angular and rounded colourless bodies,” as “colourless round or oval 
dense albuminous corpuscles,” as “large pale globules occurring both 
in old and young animals but not in all specimens of any age;” and 
they are regarded by some writers as the colourless equivalents of 
the chloroplastids of Hydra viridis. Jeffrey Parker’ may perhaps 
refer to them when he says that in a Hydra in full digestion the 
endoderm cells of the gastric region are “completely crammed with 
transparent spheroids.” 

These bodies vary in number and alter in appearance, in fact they 
pass through phases of deposition, of perfection, and of breaking down. 
I believe that only consecutive observation will adequately reveal the 
relation of these phases, while, at the same time, in ignorance of this 
relation the conception that can be formed of the sum of metabolic 
processes which make up the life of Hydra is but imperfect. I propose 
to describe the spheres as they appear and react when fully formed, and 
then to bring forward what evidence I have been able to gather of the 
nature of their building up and of the changes they undergo when 
being broken down. 

a. Nature of the nutritive eho They occur typically at the 
sides and base of the vacuolate endoderm cells, and are solid and, in the 
fresh state, highly refractive and apparently homogeneous. When 
hardened they stain readily with borax carmine, picrocarmine and 


1 T, Jeffrey Parker. Proc. Roy. Soc. xxx. 1880. 


i 
+ 
4 
z 
“a 

4 

4 
L 
Mg 
+ 
aq 
a 


| 
| 
| 
| 
| 


822  M. GREENWOOD. 


haematoxylin, and their substance colours uniformly throughout; they 
do not reduce silver nitrate and are less stained by appropriately applied 
gold chloride than is the cell substance which surrounds them. Osmic 
acid brings about slight swelling and colours the spheres a pale yellow 
brown; they keep their homogeneous appearance however in this 
reagent, and it is only on one or two occasions that I have thought 
discriminative fractional solution might possibly show some complexities 
of structure. Thus 10 per cent. solution of sodium chloride breaks down 
the spheres, but does not dissolve all their substance, for a highly 
refractive myelin-like mass remains where a group of them existed 
before application of the reagent. On the other hand, in some strengths 
of some acids there is loss of homogeneity and indication of a sponge- 


__ like structure, normally supporting and made inconspicuous by the highly 


refractive element which the acid alters or dissolves. Apparently the 
spheres are proteid in nature; with iodine they colour less readily than 
does the cell substance in which they are embedded. 

b. Origin of the spheres. We have to ask next, if not always 
present, under what conditions do they occur? They are very plentiful 
in well-nourished cells, or in cells that have reached the end of a period 
of digestive activity; they are on the other hand few in number, and 
indeed may be absent after long hunger. They form an index to the 
state of nutrition of the Hydra and seem to be present as a result of the 
ingestion and digestion of food. The exact manner in which they take 
origin from this becomes therefore a matter of interest, for it is 
conceivable that nutritive substance should be broken down in the 
body cavity into small spherical masses and that these should be 
subsequently ingested, or that there might be an initial absorption of 
substance in solution and succeeding precipitation or deposition in the 
form of solid spheres. That the endoderm does retain its power of 
ingesting solid substances, at any rate to a certain extent, is indicated by 
the presence of coloured fat drops in it during digestion when such 
particles happen to form a structural feature of the prey, and I certainly 
have seen in organisms undergoing digestion small masses of matter 
resembling the nutritive spheres, which were to be detected at the same 
time within the endoderm cells. There is however evidence, as I think 
weighty evidence, in favour of the view that the ingestive power posses- 
sed by the endoderm is usually potential rather than actively exerted,— 
that nutritive matter makes its entrance into the substance of the 
animal in a state of solution. This evidence is partly indirect and 
partly afforded by actual observation of the cells during the per- 
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formance of a digestive act. Considering first the indirect evidence, we 
find that spheres are present in the tentacles and the foot of Hydra. 
Now the foot contains that extension of the body cavity into which an 
ingested animal never enters, and though it may be urged that formed 
masses of nutritive substance might be passed off from the main body 
of the prey, and ultimately by ciliary action or by a sort of peristaltic 
movement of the body walls come into the neighbourhood of the foot 
cells, I can only say that while a mass of faintly granular matter, 
staining but slightly, may during digestion fill the foot, I have not seen 
in such a mass actual dense spheres or even marked local accumulation 
of substance. In the same way the tentacles have nutritive spheres 
stored in their cells, and one can more easily conceive that they are 
supplied with fluid nourishment than that solid particles are driven 
into juxtaposition with them, and so held during enclosure. Indeed it 
seems likely to me that all cilia are retracted during a digestive act. 
Further, as the faintly staining granular matter to which I have 
alluded above, be it secretion or fluid nutriment about to be absorbed, 
is often present in digestion filling the foot of Hydra, so between the 
cells of the body and the prey (and this is commonly possessed of a well- 
marked cuticle) lies similar amorphous substance, presumably a precipi- 
tate thrown down by the hardening reagent from pre-existing fluid. 
Lastly, it seems probable (though I cannot yet give this statement great 
emphasis) that the nutritive spheres are formed whatever the sort of 
nourishment supplied, that is to say, they come alike from Crustacea, 
from spleen and from striated muscle fibre. Should this probability 
approach certainty in course of further investigation, it would be in 
harmony with the view that all food is taken up by the cell in solution 
and then deposited, rather than with that which supposes the nutri- 
tive spheres to be formed before their eeghoeuee, from the changing 


y: | 

- But I have said above that a certain amount of direct evidence 
supports this view,—which I may perhaps call the view of intracellular 
deposition. It is of this nature ; when discussing the characters of the 
fully formed nutritive spheres in an earlier part of this paper I pointed 
‘out that when perfect they lie along the sides and towards the base of 
the cell, projecting into the central vacuole. Sometimes, still fully 
formed, they are present in the free end separated from the body 
cavity only by the fairly constant apical accumulation of cell substance 
(figs. 3, 10, n, PL VI.). It is more usual however, when a cell actually 
engaged in digestion is examined, to find in this most internal region the 
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sac-like infoldings of protoplasm which were described above, and were | 
then distinguished from the projections which hold the fully formed 
spheres in place. These may have comparatively complex contents, hold- 
ing for example a smaller dense sphere with fluid surroundings, or tiny, 
dense particles and spherules, or a loose, faintly granular basis, or even as 
many as two or three small spheres in fluid. In brief, these structures are 
distinguished from the perfect, typical spheres by lack of homogeneity in 
their substance and by apparent increase in fluidity ; the increased amount 
of fluid forms a vacuole immediately within the supporting sheath of 
cell substance, or is mixed with the enclosed matter generally to give a 
mass of loose structure and small capacity for staining. Now I have 
said that these when present are typically apical in position, but that 


occasionally fully formed spheres have a like place in the cell. This | 


occurs apparently in well-nourished cells at the end of a digestive 
period, so that it would seem that the turbid spheres are in process 
of deposition, those with homogeneous substance being perfect. I 
imagine that the deposition takes place in the apices of the cells 


_ (fig. 2; v, Pl. VL), and the spheres as they are shaped come to occupy 


a more basal place; when digestion has ceased and the process of for- 
mation is no longer going on, then no turbid, unelaborated spheres 
are to be recognised but all are homogeneous (fig. 3). 

Parallel instances of the deposit of proteid reserve material after 
absorption in a fluid form are not common among animals, but the 
process just described for Hydra at once recalls the formation of 
aleurone grains in the endosperm cells of plants. Here aggregations of 
proteid which may, according to Vines’ be peptones, albuminates and 
globulins are thrown down as granules or spheres, and they have 
certainly as their more or less remote metabolic antecedent some 
soluble and diffusible nitgogenous body. And in glycogen, in the 
ethereal oil which occurs in sponges, in the “amyloid deposits” of 
Spongilla and the paramylum grains of some Infusoria we have examples 
of the temporary deposit of non-nitrogenous reserve material, while the 
coarse granules of vertebrate plasma cells and of certain white blood 
corpuscles have possibly nutritive value. In this last case it is of course 
probable that the granules are laid down by actual katabolism of the 
cell substance rather than that they have any direct connection with 
ingested proteid such as I would urge in the case of the nutritive 
spheres and proteid food of Hydra; and indeed since I found that for 


1 §. H. Vines. Journ. of Physiol. Vol. mt. 1880—82, p. 118. - 
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Amoeba only nitrogenous matter is readily efficient as food there is some 
ground for supposing that the nearly allied organisms cited can only 
deposit oil or starchy matter after. profound change effected in proteid 
food or even in their substance. On the other hand Meissner’ asserts 
that Infusoria have the power of digesting starch, so that carbohydrate 
food becomes at least a possible forerunner of any carbohydrate deposit 
these contain. 

It has seemed to me worth while to instance these cases of storage 
in animal and vegetable cells when discussing the metabolism of Hydra, 
because they either show close similarity, or differ in detail rather than 
in type of action. And I wish to close the list by mentioning 
Allman’s* description of the endoderm of Myriothela, the account 
which Ray Lankester’® gives of some structural details of Limnocodium, 
and a statement made by Claus‘ in his memoir on Charybdea 
marsunalis. The endoderm cells of Myriothela are spoken of as 
containing numerous “refringent corpuscles” and a few brown granules. 
Specialised cells, to which I shall have to allude later, appear to hold 
most of the pigment which characterizes the animal, while in the 
tentacles a single layer of small cells surrounds the central cavity and is 
loaded with opaque spherules. A]lman does not make any statement 
about the chemical reactions of these highly refractive bodies, but it 
seems to me probable when I recall the terms in which earlier writers 
have described the endoderm of Hydra, that the “opaque spherules” and 
“refringent corpuscles” of Myriothela correspond in structure and 
function to the nutritive spheres. 

The statement made by Claus in his paper on Charybdea marsu- 
pialis is more definite. He is describing the histological variations 
exhibited by the endoderm in different regions and speaks of the cells 
of the sub-umbrellar gastric wall as high, and palisade-like. They have 

a shining well-marked protoplasmic border to their free edge and 
‘aii many highly refractive granules, colouring brown with osmic 
acid, and deep red with carmine. Claus adds, “It can hardly be 
doubted that we have to deal here with ingested albumen bodies, and 
that the deep cylindrical epithelium of the sub-umbrellar gastric surface 
acts in the absorption of albumen as does the intestinal er of 
higher animals.” 


1M. Meissner. Zeit. f. Wissenschaft. Zool. xivi. 4. 1888. 

2 Allman. Philosoph, Transact. Vol. ouxv. 1875, p.-551. 

$B. Ray Lankester. Quart. Journ. Mic. Sci. Vol. xx, 1881, p. 119. 
40. Claus. Arb. aus. d. Zoolog. Ins. Wein, 1878, 8. 45. 
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In the endoderm of the gastric tube of Limnocodium Ray Lan- 
kester distinguishes three regions, a, the oral, b, the mid-gastric, c, the 
ingestive or proximal. The name given to the third region indicates 
its function; the cells of the mid-gastric region are inactive and the 
oral region is especially secretory. I hope to discuss later the probabi- 
lity that we have in certain elements of the endoderm of Hydra cells 
very much like the “secretion cells” of the oral region; it is the 
structure of the ingestive endoderm of Limnocodium however which is of 
immediate interest. Ray Lankester first gives diagrams drawn from 
the living animal and in the text describes the appearances seen; he 
then figures and gives an account of the tissue when hardened. The 
irregularly aggregated endoderm cells show in their substance, in the — 
fresh state, “numerous dense-looking masses of an ill-defined shape 
which give to the cell substance a certain opacity.” These lie near the 
nuclei. In the hardened cells may be seen “circular or oblong groups 
of oval bodies of a refringent substance which appear to correspond to 
the groups of large granules seen in the living specimens.” 

From this I gather that the bodies or granules are solid. But in 
further description of the endoderm it is stated that large vacuole-like 
spaces also occur, their substance being probably precipitated as a 
homogeneous or excessively finely granular solid by the action of the 
reagents; and again that the “substance filling the vacuoles is ap- 
parently identical with the substance filling the numerous oval spaces 
of the [refringent] bodies.” This would lead one to suppose that fluid, 
at least at times, entered into their composition. Be this as it may 
they are evidently regarded by Ray Lankester as closely related to 
the absorption of nitrogeneous food, and if, as he suggests, they are 
concerned with the distribution of the “products of digestion and 
elaboration,” their function does not differ very widely from that which 
I ascribe to the proteid spheres of Hydra. 

Up to this time in speaking of these bodies I have dealt with their 
nature and the method in which they are formed; it remains to give 
some description of their disappearance. 

¢ Fate of the nutritive spheres. I believe that whereas hours 
suffice for deposition, however it may be effected, this disappearance is 
slow—a matter of many days, even of weeks. It is brought about by 
the agency of fluid, takes place at the apex of the cell, and may 
apparently be not merely a process of solution, but may imply the 
formation of distinguishable and stable bodies. For while apical — 
infoldings of cell substance, such as I have described in detailing the — 
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process of absorption, may, when the Hydra is fasting, be seen to hold in 
fluid surroundings angular fragments of substance resembling the fully 
formed spheres in reactions (fig. 10, d, Pl. VI.) pigment and fat are also 
upon occasion present in the vacuolate endoderm cells (fig. 4, p). 

The fat I have detected in a Hydra fed with prey in which none 
could be seen, and-while it may lie freely it is at times apparently 
adherent to spheres ; the pigment does not commonly occur in scattered — 
grains but in particles bound together by a spherical basis. It is 
indeed a tempting hypothesis that both pigment and fat are formed 
by action on the stored-up proteid. The action is exerted by fluid— 
the secretion of the endoderm cell, and is of such a nature that while 
the fat is the expression of the administration of very abundant nourish- 
ment, the pigment represents an excretory product, the useless element 
separated out by the cell’s activity from the complex of valuable 
and unavailable matter which makes up the typical nutritive sphere, 
This is yet, I acknowledge, only an hypothesis; the pigment and the 
substance bearing it may have slight or even marked enclosing vacuole 
(fig. 4, p, fig. 11), but it is rare to find fat globules in fluid surround- 
ings, and not always easy to establish connection between them and 
the proteid spheres on which they sometimes seem to lie. But the 
points on which I should like to lay emphasis are, the disappearance of 
formed proteid reserve material during long hunger; the apical 
localization of sheaths of cell substance holding fragments of proteid 
in fluid, the occurrence of fat in a nourished Hydra when it cannot 
be found in the prey, and the persistent connection of pigment grains 
with an amorphous basis. It may be that further work on the 
functional significance of the fat will decide whether it can be formed 
directly from dead proteid by the activity of the endoderm cell and its 
secretion, as it is known that a body connected with the fats is one 
result of pancreatic digestion in higher animals; I leave the point at 
present and pass to consideration of the pigment,—consideration which 
has been almost of necessity partially anticipated but which I am 
anxious to make somewhat more detailed. 

5. The brown pigment. This acts alone as a colouring matter for 
Hydra. fusca, and is present together with chlorophyll in the green 
Hydra. So constant are the references to it in all histological descrip- 
tions of these animals that it may be regarded as wrongly placed when 
included among the temporary constituents of the cell. I shall 
endeavour to show later however that there are some grounds for 
regarding it as excretory, and should such be its character the per- 
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manence is clearly only apparent, and due to succession of fresh 
formations which continually take the place of substance lost. 

I propose, as in discussing the history of the nutritive spheres, to 
say here something about the chemical nature, the origin and the fate 
of this pigment; the first and last points have been unavoidably 
touched upon in describing the changes undergone by proteid matter in 
the economy of Hydra. | 

_ a. Nature of the pigment. It is generally spoken of as markedly 
resistent to chemical reagents, and the attempts I have made to dissolve 
it confirm the statement. All dilute reagents are without effect; after 
treatment with absolute alcohol it may still be detected in the cells, and 
in ether and chloroform there is no solution. Hydrochloric and acetic 
acids even when concentrated do not act as solvents, but by the action 
of strong nitric acid a change of tint is brought about; the little 
pigment masses become a dull greenish blue, sometimes even a bright 
blue and then grow colourless. They are in this state no longer 
distinguishable from the surrounding cell substance, all made turbid 
and irregularly shrunken by the action of so strong a reagent. 

. b. Origin of the pigment. It is almost invariably found with a 

basis of proteid substance which in the living cell is irregularly 
spherical or readily separates out in such a form on teasing. The 
colouring matter appears to be in two conditions; it impregnates the 
basis and, possibly because then diffused, is a brighter, lighter brown, 
and it occurs as small dark angular or crystalline fragments adherent 
to the substance which the lighter colouring matter stains throughout. 
Sometimes specimens of Hydra are found in which the diffuse pigment 
is conspicuous, while others are almost entirely tinted by well-defined 
lumps of pale or colourless substance bearing dark, angular, perhaps 
crystalline particles’ (fig. 9, a, b, c, Pl. VI.). The former animals are 
bright brown when seen macroscopically; the latter a darker greener 
brown. The difference in colour brings to mind Nussbaum’s dis- 
tinction of Hydra grisea from Hydra fusca as partly depending on dis- 
similarity of tint; I must say however that the colour seems to me 
rather an individual than a specific character. It varies independently 
of variation in number of tentacles and in passage of the body into the 
foot, and the two conditions of the pigment may at any one moment 
co-exist in the same endoderm cell. 

I could indeed imagine from appearances offered repeatedly by 


1 Cf. Howes. Atlas of Biology, Pl. xvi. figs. xv. xv1. 
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preparations that by some change in the colourless proteid basis a 
brown substance is chemically separated out, uniform in its diffusion at 
first, and later gathered into definite crystalline particles. And contrast 
of hardened with living specimens has made me think it possible that 
the brown pigment becomes less soluble as its separation is perfected, so 
that with change of form a chemical change goes hand in hand. I do 
not think that the chlorophyll of Hydra viridis is to be looked upon as 
a forerunner of the brown pigment. For in the actively metabolizing — 
green cells of plants chlorophyll has not necessarily any such coloured 
decomposition product, although in dead and decaying organisms the 
green colour may change to brown. Further, I have not certainly seen 
transitional forms between chlorophyll corpuscles and pigment bodies, 
though Ray Lankester’ suggests their occurrence. And finally the 
pigment is absolutely more abundant in Hydra fusca than in Hydra 
viridis, as well as relatively more obvious. It seems probable, as I shall 
have occasion to point out later, that nutritive spheres as well as - 
chloroplastids exist in the green forms, and it is apparently rather 
in ‘connection with them that here, as in Hydra fusca, the brown 
pigment takes origin. 
c. Fate of the pigment. When a living Hydra is teased under the © 
microscope, little masses of cohering pigment grains are sometimes seen 
to be turned out of the yet moving endoderm cells, much as carmine or 
starch is under certain circumstances passed from the substance of the 
Amoeba, This may of course be a phenomenon of lesion (for the 
injury inflicted by tearing must be severe), and may correspond to no 
normal discharge of pigment from the body ; but certain statements of 
other investigators and of my own observations incline me to the view 
that the ejection represents, though perhaps in an abnormally explosive 
manner, a normal excretion of matter. On one occasion, when sub- 
jecting Hydra during some hours to intermittent stimuli from a weak 
interrupted current, I saw a mass of substance escape from the mouth of 
the animal. On examination this proved to be a collection of pigment 
bodies and some thread cells held loosely together by colourless 
gelatinous matter. Again, I have seen in the body cavity of one of the 
dark brown specimens above referred to a similar accumulation of 
pigment and nematocysts; here it would seem there had been dis- 
charge, without any immediate causal stimulation. 7 
These records recall the statement made by Greef* that the 


1 E. Ray Lankester. Quart. Journ, Mic. Sci. Vol. xx11. 1882, p. 250. 
27R.Greef. Zeitsch. f. Wiss. Zool. 20, 1870. 
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pigment grains in Protohydra Leuckarti have hyaline protoplasmic 
surroundings, and are in harmony with the account which Allman’ 
gives of the brown pigment in Myriothela. In this animal he says the 


endoderm is many cells in depth, and the cells making up its most 


internal layer or layers (and therefore projecting into the body cavity) 
are loaded with dark brown granules. These are constantly thrown off, 
and their ejection from the mouth may be seen. Kleinenberg too in 
the case of Hydra implies a belief in varied loss or varied production of 
the pigment, for he says it changes in amount as the nutritional 
condition of the animal changes. This statement does not of course 


tell us whether increase or decrease of colouring matter goes hand in 


hand with hunger, but I have noticed that in the endoderm cells of a 
well-fed Hydra the pigment is generally difficult to distinguish, though 
sometimes it is to be found not now as normally at the apex of the cell, 
but moved down one side wall. In the endoderm of a fasting animal it 
is most conspicuous, partly because here the cells are comparatively 
empty and but few nutritive spheres strike the eye, but also I think 
because it is actually great in quantity (cf. figs. 3 and 4, Pl. VI.). Ido not 
forget that Nussbaum’ describes the tint of Hydra fusca as paling in 
long hunger, and that this at first sight appears contradictory of the 
statement just made. The contradiction is, I think, only apparent, for 


it must be remembered that long hunger means the disappearance of 


many opaque bodies,—the proteid spheres, and that possibly the highly 
vacuolate, partially empty cells are more transparent than are those 
loaded with reserve material. And the assertion that pigment is 
absolutely abundant in the fasting condition is not incompatible with 
the belief that at this time a slow discharge of it is going on, indeed the 
results of such discharge were, I imagine, seen in an experiment 
quoted above. Electrical stimulation or ingestion of fresh food stuff 
may be regarded as hastening the process, and their action recalls the 
fact that in the case of Amoeba’ the enclosure of nutritive matter or the 
stimulus of contact with a pipette or microscope slide at times brings 
about the discharge of effete substance which the animal, left to itself, 
may carry about, enclosed, for many days. . 

If the account here given of the pigment of Hydra be true, if its fate 
be excretion, its origin proteid reserve material, it would yet seem 
unlikely that for each nutritive sphere laid down after the absorption 


1 Allman. Op, cit. 
2M. Nussbaum. Loc. cit. 
Journ. Physiol, Vol. p. 278. 
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of digested food a group of pigment grains is eventually passed from 
the body. Rather, I imagine, bearing in mind the mobility of the 
protoplasm which makes up the endoderm cells, the readiness with 
which transportation of solids from one part of the cell to another is 
effected, and the irregularity of the coloured masses, that pigment 
grains which make up one group come from action on many apne of 
proteid, and are finally aggregated before expulsion. 

6. Nematocysts. The occurrence of thread cells in the endoderm 
of Hydra has been noticed by Huxley’, by Parker’, and by Jickeli’; 
Jickeli evidently regards them as developed there from special 
originating cells, while according to Hartog they are ingested. I may 
say, in confirmation of Jickeli, that they may often be seen with 
undischarged threads, and with the protoplasmic surroundings which 
characterize than in the ectoderm; at the same time I must add that 
emptied nematocysts do occur irregularly within or between the 
vacuolate endoderm cells, and may lie in vacuoles Whenever prey 
is ingested many thread cells which have been discharged in its capture 
are introduced into the body cavity; thus the cells which I have 
described above as ejected with excreted pigment may have a double 
origin, coming from the place of their development—the endoderm,— 
or passing out after accidental entrance with food. 

7. Temporary Vacuoles. In an earlier part of this paper I placed 
“Fluid forming a vacuole or vacuoles” among the permanent consti- 
tuents of the cell. It is however quite clear from what has been said 
lately that small temporary accumulations of fluid are of marked © 
importance in the metabolic changes which the endoderm exhibits. 
I believe that just as the Amoeba’s endosarc does not digest enclosures 
until a secreted vacuole lies round them, so here all solution of the 
nutritive spheres, all working, which has issue in the formation of 
pigment is effected proximately by fluid, ultimately by the protoplasm 
of the cell. 

I have said that fragments of proteid reacting like the nutritive 
spheres may lie at the apex of an endoderm cell during hunger in 
marked fluid surroundings, and fig. 9, Pl. VI. represents an instance of 
the considerable vacuole in which pigmented proteid is at times found. 
Nussbaum‘ too describes balls, crystals and granules of a yellow or 


1 Huxley and Martin. Elementary Biology. 
7T.J. Parker. Quart. Journ. Mic. Sci. xx. 

8 C0, F. Jickeli. Morphol. Jahrbuch. Bd. vin. 
Nussbaum. Op. cit, 
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brown colour as held in bladder-like formations in the apices of the 
endoderm cells, while Ray Lankester’ in his account of the intra- 
cellular digestion of Limnocodium just alludes to “vacuole-like spaces 
or clearer portions of the cell substance containing very dark minute 
granules.” It is of course only an assumption to regard any structures 
so briefly mentioned as corresponding in form or function with the 
pigment bodies of Hydra, but should investigation justify the assumption, 
we shall have in the vacuolar surroundings of these excretory substances 
another instance of the significance of vacuoles in certain metabolic 
processes. In the case of Hydra I cannot say to what extent this 
localized fluid is derived from the main vacuole, and its nature is as 
obscure as its origin. But that it is constantly present under appro- 
priate conditions, and as judged by its effects has very distinct individu- 
ality, are conclusions almost necessarily drawn from any observation of 
the structure of the endoderm, conclusions which impose on one the 
obligation of mentioning the existence of the fluid even if cataloguing 
its constituents be out of the question. And with this brief account of 
it I bring to a close my description of the large vacuolate cells, and turn — 
to consider the other elements of the endoderm, the “ Driisenzellen ” 
of Nussbaum’, and Jickeli®. 

The gland cells. These, according to Nussbaum, are ciliated. I 
have found that they generally appear with rounded apices (quite 
conceivably because in preparation their cilia have been retracted), 
and in living specimens do not readily show amoeboid movement; 
basally they taper to a long process, which passes to the supporting 
lamella, and gives them the pyriform shape noticed by Jickeli. Each 
cell has a nucleus not differing from those of the endoderm generally, 
and each has cell substance which forms here no sheath-like investment _ 
for a central collection of fluid, but is a solid mass in which certain 
temporary constituents of the cell at times lie embedded. These are 
solid spherical bodies, smaller than the typical nutritive spheres of the 
absorbing endoderm cells, but resembling them markedly under the 
action of staining reagents, or indeed of chemical reagents generally. 
Thus persistence under treatment with osmic acid, with assumption of 

a yellow brown colour, and loss of individuality in solutions of acids and 
alkalis characterize these spherules; they are swollen by dilute potash 
and in stronger solutions burst or become invisible; in 10 per cent. 


1 E. Ray Lankester. Cnet... 
2M. Nussbaum. Op. cit, 
3 0, F. Jickeli.,. Op. cit. 
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solutions of sodium chloride they dissolve. It is clear however that, if 
the name which I have adopted for the containing cells from the 
writings of earlier workers be truly indicative of their function there 
must be, underlying this apparent similarity, essential differences 
between the spherules and the proteid spheres which are formed when 
nourishment is abundant. And observation of the mode of origin and 
the fate of the smaller bodies makes it plain that such differences 
do exist. For it becomes clear not only that the spherules come 
and go, but that under suitable conditions specimens may be obtained 
which indicate the manner of their disappearance, and further that 
their occurrence is definitely related to the manifestation of digestive 
activity. I will first describe the- varying appearance of the gland 
cells according as in any preparation they have or have not formed 
contents; and then, examining the conditions under which such 
variation occurs, I will endeavour to show that there are grounds for 
regarding the contained spherules as forerunners of some element of a 
digestive secretion, and as the complement of reserve material stored up 
by the vacuolate endoderm cells. , 

The gland cells are especially conspicuous when almost filled with 
homogeneous spherules ; these, between the nucleus and the apex, are so 
abundant as to hide the protoplasm which holds them, and, since the 
nucleus lies rather near the base of the cell, it is but a small portion of cell 
substance that can be distinguished and observed. This is dense and 
stains deeply, and passes back apparently without marked histological 
change into the internal basal process. This process becomes so delicate 
that it is but rarely either in sections or teased preparations actually to 
be traced to the supporting lamella. (Fig. 5,a PlL.VL) At other times 
the spherules are present, but are much reduced in size and often of 
angular shape, and each has fluid surroundings (Fig. 5, b); while after 
complete loss of formed contents. two distinct appearances may be 
possibly presented by the cell. The first is that of a reticulum, the 


meshes of the network being large, while its separating bars are thin ; 


here as before the protoplasm lying basally of the nucleus is unmodified. 
The last is no longer that of a honey-combed mass of substance; rather 
the gland cell is dense and irregularly furrowed and, ceteris paribus, 
smaller now than at any time. (Fig. 5,d.) Thus we have apparently 
a storage of matter in the form of spherules, and at times a loss of these 
spherules through the solvent action of fluid poured round them, probably — 


’ by protoplasmic energy. After such loss the cell may look reticulate, 


apparently because regions, where was the solvent fluid, differ slightly 
23 
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from the protoplasm that has been acting as a supporting framework ; 
eventually I think rearrangement of substance, loss of fluid or acquisi- 
tion of fresh material, makes the cell pass into its last, furrowed 
condition and give but slight indications of structural differentiation. 
We have next to deal with the functional significance of these 
histological changes. And in the first place I would state that the 
gland cells are most obvious in the endoderm of animals that have 
hungered for many days. Here the spherules are numerous and perfect, | 
here too they gain additional prominence by the partial emptying of 
neighbouring cells,—by metabolic change in the nutritive spheres. In 
certain cases indeed while besides pigment masses, but little formed 
matter lies in the large vacuolate. elements, the position of the gland 
cells is indicated by constant and striking clusters of spherules. When 
the endoderm is examined at the beginning of a digestive period the 
glands still show plainly (fig. 1, g, Pl. VI.), and after food bas been within 
the Hydra for as long a time as two or three hours the spherules may be . 
| quite evident; the onset of absorption however, marked by initial 
| ; vacuolar deposits and final separation of solid matter in the absorbing 
i cells, appears to be bound up with solution of the spherules which we 
are thus impelled to call secretory. (Fig. 2.) At anyrate at the end of 
a digestive period the gland cells are so inconspicuous that I was at one 
time inclined to the view that they are lost bodily as secretion goes on ; 
and though careful searching, revealing them, seems to negative such a 
- suggestion, it shows them empty and shrunken, or at most holding 
fragmentary contents in fluid surroundings. (Figs. 3, 10.) 

From these statements it would seem that there is good reason for 
dividing the endoderm of Hydra into secreting and absorbing elements, 
and that the use of the term gland finds justification in facts; I said 
however in an earlier part of this paper that some experimental results 
opposed such a theory, and it remains for me to bring wien this 
discordant evidence. 

A Hydra that for two or three days has captured nothing may yet, if 
its food have previously been abundant, be described as well nourished. 
Examination reveals numerous fully formed nutritive spheres in its 
endoderm and very often fat is markedly present. Yet in such a 
specimen it may happen,—indeed this is commonly the cuse—that the 
gland cells are inconspicuous, or if detected are shrunken or contain 
only fragmentary spherules. Here is absence of secretory products 
with no immediately corresponding manifestation of digestive activity. 

_ Again, I have stated that well filled and conspicuous gland cells 
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characterize the largely emptied endoderm of hunger, and have implied 
that this loaded condition must be regarded as a state of rest. I find 
sometimes however that in animals, which have fasted very long, there is 
partial solution of the secretory spherules, that is they lie, diminished, 
in little vacuoles. Here is change such as accompanies activity without 
any causal ingestive stimulus. One hypothesis appears to me to 
harmonize these statements. According to Langley’ it is probable 
that in all vertebrates the granules of pepsin forming glands diminish 
in number when the animal remains without food longer than a certain 
time, so that the appearances of fasting cells may recall the condition 
of active secretion ; if we suppose the cycle of development of secretory - 
products to be very slow in Hydra it is conceivable that the solution 
without the stimulus of food corresponds to the vertebrate “fasting ” 
state. Similarly the absence of spherules in well nourished cells may 
be due to the fact that their re-formation after secretion has not taken 
place. But should this hypothesis be regarded as offering a satisfactory 
explanation of the difficulties already mentioned, others, not easily 
obviated, appear. Thus I am unable to say how the spherules are 
deposited and whether the same appearances, that is fragments of 
substance in vacuolar cavities, indicate solution and deposition. Indeed 
the intracellular solution of solid spherules seems a clumsy way of 
developing a ferment from its antecedents, Yet while it is true that 
the formed contents of the gland cells tend to be gathered towards the ~ 
free surface, I look upon it as a wholly improbable view that they are 
expelled bodily from the cells and then broken down or dissolved. 
Again, it seems hardly probable that an amount of fluid adequate for 
digestion should be derived from the solid gland cells, or even from the 
vacuoles in which their spherules are dissolved, and as I have said, the 
central vacuoles of the large endoderm cells do diminish during 
digestion. Since however there is @ priori improbability in the view 
that the solids of a secretion should come from one cell while its 
neighbour supplies the water, and since normally a certain amount 
of fluid taken in by the mouth is present in the body cavity, it may-be 
that the water necessary for digestion is thus obtained, the vacuoles of 
the endoderm cells being excretory rather than secretory in character. 
These difficulties make one anxious not to omit the consideration of 
any other possible interpretation of the functional significance of the 
gland cells, and I therefore mention two suggestions which present 
themselves, but which have I think little support in facts. The first of 


1 J.N. Langley. Journ. of Physiol. Vol. 11, 1880—1882, p. 275. 
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these is that we are dealing here with extra store-houses of reserve 
material, the substance stored resembling that which makes up the 
typical nutritive spheres. This suggestion has in its favour the close 
similarity which spheres and spherules exhibit; it is not inconsistent 
with the marked persistence of the spherules and their partial solution 
in long fasting, and similar partial solution which I once saw in a Hydra 
that, artificially bisected, grew presently into two perfect forms, might be 
explicable as response to an unusual demand on reserve material. But 
a generalization based on one experiment, especially an experiment in 
which an operation so severe as is bisection, is performed could not but 
be hasty, and as I have said the “solution” in long fasting is capable of 
explanation on the theory first stated. Further, spherules may be 
absent from a bud of Hydra which has not yet known scanty nourish- 
ment, and which does hold nutritive spheres within its vacuolate cells, 
and the persistent absence of pigment and fat in the “glands,” and the 
constant lack of any central accumulation of fluid, seem to indicate that 
no function is performed by them so like that of the rest of the 
endoderm as would be the storage of nutritive matter. The second 
suggestion is that the small solid cells are young, and that vacuoles and 
pigment will be acquired later, their development making the cells like 
their ‘neighbours in the endoderm. But they are not more markedly 
present in a bud than in mature forms, and should my interpretation of 
the functional meaning of each element in a vacuolate cell be the true 
one, it is clear that in development the separation out of fluid would 
precede the deposit of proteid reserve material. On the whole then I 
conclude that these views may be dismissed, the evidence in favour of 
the hypothesis that true gland cells are present being, if not 
overwhelming, too considerable to be disregarded. Nussbaum, though 
he gives good figures of the “glands” in their laden and reticulate 
conditions, does not, as I have said, discuss their function, but certain 
structures which exhibit many points of similarity with these cells of 
Hydra are described by Claus’ in Charybdea, and by Ray Lankester’ 
in Limnocodium, and there regarded as secretory in character. 

In the oral endoderm of Charybdea marsupialis, according to Claus, 
three kinds of cells are to be found; flagellate cells, smaller than the 
rod cells occurring in other parts of the endoderm, goblet cells with 
mucous contents, and gland cells. These are cylindrical, with widened 
convex apices, and they hold numerous granules which colour deeply 


10. Claus. Op. cit. 
. 7 E.Ray Lankester. Op. cit. 
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with carmine and “represent a future secretion.’ Ray Lankester in 
his paper on the Intracellular Digestion of Limnocodium refers to this 
account, and regards the gland cells and goblet cells of Claus as young 
and older ‘stages of the same structures. He compares them with 
certain cells found characteristically in the oral third of the gastric tube 
of Limnocodium; these are large, clear, nucleated bodies which, together 
with smaller young cells, are surrounded by some horny or gelatinous 
intercellular substance. A complete description of the young cells is not 


_ given, nor are there details of the stages through which one form grows 


into the other, but the appearance of Pl. IX. fig. 3, indicates that the 
young cells are denser and stain more deeply than do the adult “ glands ” 
into which they grow. I do not gather from Ray Lankester’s account 
that special secretory granules are present during rest and are lost 
in each period of activity; rather he regards the cells as shed bodily 
when ripe, and presumably as broken down then into secretion. Thus 
ejected, they leave intercellullar spaces which the young cells fill by 
growth and development into the adult form. In taking the view that 
secretion is in Limnocodium derived from actual discharge of laden cells, 
Ray Lankester accepts an hypothesis which I found untenable in the 
case of Hydra; yet it seems to me that, granted this difference exists, 
there is room for interesting comparison of the two forms, I have 
shown above that the vacuolate absorptive cells of Hydra probably 
find a parallel in the cells which line the proximal third of the 
gastric tube of Limnocodium, and now we have to note in both 
animals the occurrence of specialised secretory cells. In Limnocodium 
indeed the separation of the two elements in space is more marked, but 
it must.be remembered that only in the gastric cavity of Hydra is there 
general mixing of secretory and absorbing cells; the tentacles show no 
“glands,” they are entirely absent from the extremity of the foot and 
in the upper part of that appendage are only rarely scattered. This 
statement of the localization of secretory cells in Hydra is a partial 
anticipation of the point I would next discuss,—the relation of the 
different endodermal elements to each other and to different regions of 
the-body. I may perhaps include in the discussion a very brief notice | 
of the histological variations which characterize certain of the endodermal 
lip cells, and which are discernible in the endoderm but especially 
in the ectoderm of the sucker. 

Disposition of the endoderm cells. Those elements which are 
large and vacuolate greatly outnumber the smaller “glands.” With 
slight modifications, to be described presently, they alone make up the 
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lining of the hollow tentacles, and except for rare gland cells in its 
proximal portion they form a continuous boundary for the cavity of the 
foot. Round the gastric cavity proper both cells occur; the “glands,” 
which are perhaps most striking in the upper third of the body, lying 
singly between groups of two, three, or six of the absorptive cells. 

The mobility of the Hydra’s body is very great, and the vacuolate 
elements of the endoderm are capable of considerable change of form 
and varying disposition of their substance. They lie side by side, 
cylindrical or cubical in shape when the whole animal is extended, or 
distended as it may be at times by food (fig. 1, Pl. VI.); they are comma 
shaped in general contraction of the body, bulging apically and 
becoming greatly attenuated at their attached bases. They are even 
sometimes thrown up into simulated villi (Pl. VI. fig. 10), after the 
fashion of the mucous membrane of the frog’s intestine. But the gland 
cells, destitute of vacuole, can undergo less alteration of form and shrink 


and expand but little. Unless borne up on the side of a “villous” 


formation therefore by great attenuation of their basal processes, they 
lie far from the surface, when as in the contracted state of Hydra, the 
endoderm generally is deep; extension over prey on the other hand 
brings all the cells present to a level. (Cp. figs. 2 and 3 with fig. 1.) 

I have said above that certain structural modifications other than 
those yet noticed remain, and demand brief consideration. The first of 
these is found in the foot and tentacles. In both regions the vacuoles 
of the large cells are very conspicuous (Fig. 6, Pl. VI.) and the cell sub- 
stance is relatively scanty. Pigment groups and nutritive spheres occur, 
the pigment being indistinguishable in amount and disposition from that 
of the gastric tube, while the nutritive spheres are as a rule smaller than 
those found in the main part of the endoderm. In the lip certain cells 
constantly occur which I have represented diagrammatically in Fig. 7. 
Their substance is dense, and in the fresh state filled in its outer part 
with little shining granules which break down in acids and alkalis. 
Hardened, the cells stain readily and they appear punctate or granular 


according as the granules are preserved by the reagent used or are 


dissolved, making visible their supporting framework of substance. 
Nuclei are present but show no peculiarity, and the cells taper inwards 
to a process which is soon lost among the closely packed neighbouring 
pigmented cells. The endoderm of the sucker of Hydra has been 
described by Jickeli* as made up of a “second kind of gland cell.” 
I have not been able to find any qualitative difference between these 


1C.F, Jickeli. Loe. cit. 
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and the rest of the absorptive endoderm. There is, truly, marked 
diminution in size and the vacuoles are less conspicuous, still the cell 
substance is loose and not definitely structured, and pigment is © 
commonly present. It is in the subjacent ectoderm figured at Plate 
VI. fig. 8, that obvious modification occurs, and here the structure 
recalls that found in the lip and already described. Only the shape of 
the cells is changed, for in the sucker they do not taper markedly but, 
very closely packed, run down to the supporting lamella as elongated 
cylinders. The peculiarities of form thus found at the oral and aboral 
extremities are probably to be associated with the performance of 
definite function, for while the sucker acts as an organ of attachment 
it is the lip which, when the Hydra is feeding, holds and advances over 
its food. For I must confirm the account of the act of feéding which 
Hartog’ gives in his note “On the mode in which Hydra swallows its 
prey,” and repeat that while the tentacles may arrest a moving animal 
and discharge their nematocysts into its body they are never used for 
tucking the prey into the interior of the Hydra, but remain extended 
and waving freely during its enclosure (cp. Pl. VII. figs. 1, 2). The lip, 
to use Hartog’s expression, is drawn or pushed over food much as 
a glove may be advanced over the finger. But though I thus urge that 
these local modifications in structure are the expression of local differ- 
entiation of function, I can make no detailed statement of the exact 
nature of the connection. The granules which in appearance and re- 
actions seem so like the secretory granules of many vertebrates may 
help to form some viscid secretion which acts as adhesive fluid. But 
speculation in the absence of experimental evidence seems idle; I pass 
then to consider another point which is of interest; the nature of the 
food of Hydra and the time and medium needful for solution. 

Nature of the food of Hydra. I have never seen ingestion of 
inorganic or innutritious matter; this may be because the oral 
apparatus cannot readily deal with small particles, but since carmine in 
masses seems no more potent as a stimulus than when finely divided, 
I should imagine that here there was development of that initial 
discrimination in the choice of ingesta which I have before noticed as 
occurring in Actinosphaerium, and constituting one difference between 
this animal and Amoeba. Hydra is essentially carnivorous; Cypris, 
Cyclops, Tubifex, larvae of beetles and Tremblay’s “ Millepieds” are 
all upon occasion readily eaten, and fragments of muscular fibre or of 


1M. Hartog. Quart. Journ. Mic. Sci. Vol, xx. 1880. 


Aw 
* 
4 
f 
i 
a 
& 
q 


M. GREENWOOD. 


spleen may be taken up greedily. Thus it comes to pass that the prey 
is sometimes larger and often longer than the animal which ingests ; 
it is if necessary considerably doubled up inside the body cavity whose 
walls are put very much on the stretch, and in carrying through the act 
of enclosure the Hydra undergoes grotesque distortions of form. Death 
seems speedily to follow enclosure; at least movements of the prey 
cannot be detected for a time longer than five or seven minutes after 
the lips have closed over it. But I find it difficult to give details of the 
time occupied by the later stages of a digestive act. It seems possible 
that two or three hours may elapse without any. uniform diminution of 
the spherules in the gland cells, and an equal length of time may still 
find the absorptive cells without nutritive spheres. In five or six 
hours solution has progressed considerably and absorption has begun, 
while it would seem that within twelve hours the débris of ingesta is 
rejected by the mouth. The act of ejection may be performed at an 
earlier time if the Hydra be brought roughly into contact with an 
instrument or fresh fluid. It seems possible to introduce with impunity 
very long periods of hunger between successive acts of feeding, (and 
this natural intermittence in ingestion would harmonize with my 
supposition that the secretory spherules once lost are but slowly 
reformed), but the animal is markedly capricious in its habit. Thus 
occasionally one wins response to the artificial administration of food to 
a well nourished Hydra, while at other times there is no ingestion even _ 
after a fast of many days. 

The fluid medium in which solution of food goes on has apparently 
no acid reaction. For delicate litmus paper does not indicate the 
presence of an acid when the torn substance of a digesting Hydra is 
placed upon it, and an animal in like condition does not, when teased 
- in it, redden a litmus solution obviously changed by hydrochloric acid 
less than ‘2 per cent. Though it is probably of less value I may make 
the statement that animals, like the prey of Hydra, do not show the 
same changes when placed in acid as those exhibited by food teased 
from the body after ingestion or hurried to premature ejection, And 
when raw meat is taken in it undergoes a certain amount of digestion, 
as has been said, but it shows no separation into discs. In this 
connection I tried to test the effect of aqueous and acid extracts of 
Hydra on fibrin in various media; the experiment failed. 

_ With this I bring to a close my account of the structure of the 
endoderm of Hydra fusca. In this account, since it is concerned only 
with the manifestation of digestive activity, I have omitted all 
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description of possible nervous elements referred to by Nussbaum and 
Jickeli. And believing that hardly any histological character on 
which I have dwelt has been unnoticed by previous workers, I have 
been anxious during the course of the paper to institute comparisons on 
various points with statements which exist already. Such comparisons 
have made me think that hitherto lack of continuity in observation has 
led to the interpretation of what is really a phase of structure as a 
permanent histological condition. a8 


I have simply to add a summary of the points of detail on which 
watching makes it seem well to lay most stress. 


Summary. 


1. The ingestion of solid matter is performed by slow advance 
over the prey of lip-like projections of the Hydra’s substance (Pl. VII. 
fig. 1). During the action the tentacles for the most part remain 
extended, having previously been in contact with the prey and 
discharged their thread cells into it. 

2. In any Hydra distinction can be drawn between body and foot, 
The foot ends in the sucker, is of narrower diameter than the body, and 
may join it sharply or pass gradually into it. Its endoderm cells are 
more markedly vacuolate than those of the body, and an ingested 
organism apparently never enters its cavity but remains in the body 
and often distends it greatly (Pl. VII. figs. 2, 3). 

Entomostraca, Nais, beetle larvae or raw meat prove the most 
acceptable food, while innutritious matter and particles of very small 
size are not, it would seem, potent as stimuli to ingestion. 

_ 3. The digestion of enclosed food is effected entirely staid the 
endoderm cells which line the Hydra’s body cavity, and among these 
cells two types may be distinguished. 

a. Cells of pyriform shape destitute of large vacuoles; these hold 
many secretory spherules in hunger, and tend to be emptied during 
digestive activity. 

_ Db, Ciliated vacuolate cells which ‘at times hold pigment. The 
water of the digestive secretion is probably, at any rate in part, to be 
associated with the vacuoles of these ciliated cells, for intracellular fluid 
is never so conspicuous as in the fasting state, nor so little marked as 
after abundant nourishment. In the body of the Hydra both types of 
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cells occur, the gland cells lying scattered between groups of the 
vacuolate structures; in the extremity of the foot and in mie tentacles, 
gland cells are absent. 

4. The pigment, which as brown or black grains attached to a 
proteid basis is often conspicuous in the endoderm, is resistent to most 
chemical reagents, but dissolves slowly in nitric acid. It is formed by 
the activity of the cells, and is probably at least as a rule, expelled into 


‘the body cavity during an act of digestion. 


5. The formation of secretion by the endoderm, and the loss of 
pigment just described, are made inconspicuous during the later stages 
of a digestive act by the onset of absorption; this finds expression in 
the gathering of proteid matter within the vacuolate endoderm cells. 
This matter is deposited as a store of reserve substance in the basal part 
of the cells and eventually takes on the form of spheres ; it is, I believe, 
absorbed as fluid, forms definite vacuoles bounded by the apical proto- 
plasm of the cells, and is by the indirect action of the protoplasm 
converted into the insoluble form. 

6. It would appear probable that the excretory pigment takes its 
rise in some residue of these proteid bodies, and possible that they 
may at times be the source of fat; at least well nourished specimens 
often show fat globules lying on or attached to the nutritive spheres of 
their endoderm cells. A large portion of the spheres however under- 
goes final solution, and, when dissolving, they probably constitute the 
“angular particles” of some authors. 

7. When this solution is effected it takes place towards the apex of 
the enclosing cell; the little masses of proteid are moved upwards from 
their “resting” position, and by the then investing layer of protoplasm 
fluid is secreted round them. 

_ 8 At the lip of Hydra certain of the endoderm cells undergo 
marked modification, and structures resembling them take the place of 
the typical ectoderm formation at the sucker. These modified elements 
hold small granules in the fresh state, and when hardened appear 
granular or punctate, according as granules or spaces in which they have 
been are brought into prominence by the method of ‘preparation. 7 
Vacuoles and pigment are absent. 

_ 9 The medium in which digestive activity goes on in Hydra is 
probably not acid, 


_ Note. I have to subjoin a very brief account of the histological 
characters of the endoderm of Hydra viridis. In this animal the green 
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bodies which Nussbaum regards as parasites, and which are as definitely 
looked on as chloroplastids by Ray Lankester, lie especially thickly 
towards the base of the vacuolate endoderm cell (fig. 10, Pl. VI.) and 
distally of them in well nourished specimens are the true nutritive 
spheres. These are never so conspicuous as in Hydra fusca, but in 
hardened preparations of the green form (where the chlorophyll has been 
dissolved out by spirit) they may be distinguished from the chloroplastids 
by their larger size, more irregular shape, more homogeneous appearance 
and often by position. The chloroplastids are round but frequently 
appear centrally punctate, or their substance may seem to be under- 
going cleavage. 

Gland cells do not form a conspicuous feature in the endoderm of 
Hydra viridis ; they are present and hold no chlorophyll, and often seem 
to be destitute of spherules. It may be that the presence of chlorophyll 
has so changed the mode of nutrition of the green forms that digestive 
secretion is less active in them (and indeed I have never succeeded in 
feeding Hydra viridis); it may be on the other hand that “glands” 
are simply detected and examined with difficulty owing to the presence 
of numerous and conspicuous chloroplastids 1 in the vacuolate endoderm 
cells. 


EXPLANATION OF PLATES. 
Puate VI, 


Fig. 1. Vertical section through body-wall of digesting Hydra, early 
stage of digestion. 
Fig. 2. Vertical. section taken later in Siesta showing vacuolar 


deposit of nutriment in ue endoderm cells and loss of the spherules of 
gland cells. 


Fig. 3. Vertical section taken at the end of an act of digestion, showing 
‘emptied gland cells, and fully formed nutritive spheres. 


Fig. 4. Group of cells teased from endoderm in hunger. To show 
connections of pigment in vacuolate endoderm cells, and persistence of 
secretory spherules. Oc. 3, Obj. F. Zeiss : 


Fig. 5. Cells isolated by teasing. 
a. 6. c. d. gland cells in different stages of activity 


a. 6, d. drawn with Oc. 3, Obj. D. Zeiss. 

c. drawn with Oc. 3, Obj. F. Zeiss. 

A, Absorptive endoderm cell from the animal in which b. was 
found. Oc. 3, Obj. D. Zeiss. 
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Fig. 6. Vertical section through foot cells of Hydra ; digestive endoderm 
of same animal is drawn at Fig. 2. 

Fig. 7. Vertical section through lip showing modified endoderm siti 3 

Fig. 8. Vertical section through modified ectoderm of sucker. 


Fig. 9. Pigment of Hydra i as seen in specimens teased from 


diluted Flemming’s fluid. 


Fig. 10. Vertical section through body-wall of Hydra viridis to show 
simulated “villus,” presence of gland cells, and coexistence of nutritive 
spheres and chloroplastids. 

Except where otherwise specified the magnification throughout is that 
effected by combination of Oc. 3, Obj. D. Zeiss. 


VII. 


_ ‘The figures in this plate have been drawn by Mr Wilton, of the Cambridge 
Scientific Instrument Company. 


Fig. 1. Hydra fusca, enclosing a piece of striated muscle fibre ven The 
lip is being gradually advanced over the food, the tentacles are 
extended. 


Fig. 2. Ingestion is complete; the Hydra is distended by contained 
prey. 
Fig. 3. Later stage of digestion ; the distension i is more localized i in the 
hind part of the Hydra’s body. 


In all stages of _— the distinction of “foot” and “ ‘body ” is 
preserved. ~ 


Index of Symbols. 
Tn all the figures. 
Ec = ectoderm. 
E = vacuolate endoderm cells. 
g = gland cells. 
nuc = nucleus. 

p= pigment. 

n = nutritive spheres, 

V =temporary vacuole formed in the substance of the cell. . 
sp = secretory spherules of gland cells. 
chi = chloroplastids of Hydra viridis. 

m = modified cells of lip. | 
d = nutritive sphere undergoing solution. 


i 
i 


JOURN PHYSIOLOGY. 


VOLIX PLATE VI. 


nu 


A 


\ 


4 4 


~ 
| 


< 
~ 
5 
¢ 
~ 
: 
‘ei 


4 ‘ 
~ 


> 


{ 
Fig 4. 
| ix 4 4 
j 
4 
} 4 
4 


> 
a 
« 
7 
t 
4 
& 
t 
3 
“ a 
% 
£ 
2 
j 
4 
om 
| 
a 
Pe 
¥ 
a 
ag ~ 
A 
w 
| 
Nd 
<4 
a 
xe 
ay 
d 
‘oa 
¥ 
OF & 
; 


JOURN. PHYSIOLOGY, VOLIX-PLATE 


Lith & bup. Camby Sei. Inst Co. 


Vg 
7 
ae 
= 
j 
OF 
j 
j 
te 
| 
} 
Bs 


nag 
< 
Bre 
> 
cag 
3 
a 
« 
4 
¢ 
c 
3 
ae 
e 
a 
4 
5 
in, 
» 
at 
leg 


ON THE PHENOMENA OF INHIBITION IN THE MAM- 
MALIAN HEART. By JOHN A. McWILLIAM, MD., 
Professor of the Institutes of Medicine in the University of Aberdeen. 
(Plates VIII. IX.) 


| (From the Physiological Laboratory of the University of Aberdeen.) 


THERE has been, as far as I am aware, no systematic investigation 
of the phenomena of inhibition in the mammalian heart by means of a 
system of direct graphic registration of the action of the different parts 
of the organ. It has seemed to me very desirable that such an 
investigation should be undertaken, both from a purely physiological 
point of view and also in respect of the clinical and pathological relations 
involved. For the great bulk of our knowledge of cardiac innervation 
has been derived from a study of the hearts of lower vertebrates, and | 
the principles deduced have only a tentative value in regard to the 
mammalian heart in so far as they have not been verified by direct 
investigation of that organ. In mammals such an investigation is 
necessarily conducted under conditions of much greater complexity 
than in cold-blooded animals, and the attendant difficulties are much 
more numerous. 
The results detailed in this paper are grouped under the yeti, 
heads :— 
I. On the influence of vagus stimulation on the auricles. 
II. On the influence of vagus stimulation on the ventricles. 
III. On the influence of vagus stimulation on the propagation of 
contraction from the auricles to the ventricles. 
IV. On the incidence of the inhibitory effects of vagus amiacorsoreune 
on the auricles and ventricles relatively. 
V. On the influence of direct excitation of the heart in —e 
the inhibitory effects of vagus stimulation. 
VI. On the latent period of vagus stimulation. 
VIf. On the strength of faradic current required to stimulate the 


vagus nerve. 
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VIII. On the effects of section of the vagus nerves. 


IX. On the existence of a local inhibitory area in the heart. 
X. On the relations of the inhibitory area and the vagus nerve. 
XI. On the inhibitory results of direct stimulation in the terminal 
parts of the great veins and the auricles, under certain 
abnormal conditions. 

The animals used in this investigation were the cat, dog, rabbit, rat, 
hedgehog, and guinea-pig. Cats were most commonly used, and all the 
statements in the following pages are to be regarded as applicable to 
the heart of that animal except where otherwise stated. The anmsthe- 
tics employed were chloroform, ether, and choral, chloroform being the 
one. employed as a rule. After being completely anzsthetised the 
animal was made fast on a Czermak’s holder, a tin of hot water being 
interposed in order to assist in maintaining the temperature: Artificial 
respiration was carried on, a cannula being introduced into the trachea ; 
the air sent into the lungs was previously warmed.’ The thorax 
was laid open more or less freely according to the requirements of the 
special experimental purpose in view in each instance; often the 
sternum was removed; hemorrhage was prevented by the use of 
ligatures before dividing any considerable vessels that lay in the line 
of the incisions, and afterwards when necessary by means of hemostatic 
agents (persulphate or perchloride of iron solution being sometimes used 
to stop oozing from the cut thoracic parietes). The pericardial sac was 
in some cases left intact; usually however it was opened—sometimes 
to a slight extent so as to expose only a small part of the auricular wall, 
but more commonly the sac was freely laid open. 

The methods of cardiac registration most commonly employed (after 
a trial of many methods) were those which I have stated in a former 
paper. In describing the tracings which illustrate this paper I shall 
refer to the methods by which those tracings were obtained as Methods 
No. 1, No. 2, and No. 3. 

Method No.1. The auricular action was recorded by attaching a 
thread to either the right or the left auricular appendix and tying the 


‘other end of the thread to a horizontal lever supported by a weak 


elastic band; the movement of the lever was directly inscribed on a 
revolving cylinder. The ventricular action was recorded by another 
light lever resting on the ventricular surface (ventral) and writing 
directly upon the same revolving cylinder. A boat-shaped vulcanite 
support was slipped in beneath the ventricles and rigidly held in 
position. 


* 
= 
2 
» 
x 
i 
7 
4 
2 
% 
a i 
| 
‘he 
: 
we 
: 
i 


INHIBITION IN MAMMALIAN HEART. 347 


Method No. 2. The auricular beats were registered. by means of a 
thread from the appendix pulling upon a receiving tambour, which was 
connected with a recording tambour inscribing a tracing on a smoked 
drum. The ventricles were supported on a rigidly-fixed’ vulcanite bed, 
and their contraction was recorded by a “Float Cardiograph.” A float 
resting on the ventral aspect of the ventricles was connected with a 
receiving tambour and that again with a recording tambour. 

Method No.3. The action of the auricles was registered as in Method 
No. 2. The ventricular action was recorded by means of an instrument 
_ on the principle of Marey’s “pince cardiographique.” The movement 
was communicated from this instrument to a system of tambours. 

The exact principles involved in such methods I must reserve for 
consideration in a future paper. I shall content myself with stating, at 
the present time, that those methods, controlled as the interpretation 
of their results has been by many purposely-induced variations in the 
associated circumstances, constitute reliable and certain means of gaug- 
ing the force and character of the cardiac movements. 

For the purpose of stimulation, the vagus nerves were exposed -in 
the neck and cut; the peripheral end of each was then enclosed in a 
pair of Ludwig’s shielded electrodes. The current froma Du Bois 
Reymond’s induction machine was used, and the arrangement was 
such that the current could be sent into either nerve at pleasure, or into 
both simultaneously; the moment at which the stimulating current 
was applied to the nerve was recorded by means of an electrical signal, 
a Pohl’s reverser being used in the ordinary way. In addition to 
section of the nerves in the neck the trunks of the nerves were 
frequently divided a little above the diaphragm, and sometimes also 
immediately above the origin of the pulmonary plexuses. When direct 
excitation of the heart was to be employed a small pair of electrodes 
insulated except at their points was fixed in contact with the part to be 
stimulated, and the arrangements were such that currents of various 
sorts could be sent in at pleasure—coustant currents, rapid induction 
currents, single induction shocks, or slow regular series of induction 
shocks at various rates of succession regulated by a metronome. The 
moment at which such electrical influences were brought to bear on the 
heart was usually recorded by means of a second electrical signal and 
Pohl’s reverser. The graphic records were inscribed upon an ordinary 
_ smoked cylinder; time was simultaneously registered in half seconds. 
In many instances, kymographic tracings (from various arteries) were 
made at the same time and on the same drum, 
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Note. In describing the various changes occurring under the 
influence of vagus stimulation the terms “normal beats,” “normal rate,” 
&c., are used for convenience to denote the beats, rate, &c., ai to the 


vagus stimulation. 


On the influence of vagus stimulation on the auricles. 


The auricles are very readily and very powerfully affected _ by 
excitation of the vagus nerve. The effects are manifested in various 
ways. 
1. There is, as has long been known, a slowing or arrest 
of the auricular beat—this being part of a general change in 
the rhythm of the whole heart. 

2. There is a great depression in the sentunchion force of 
the auricular muscle, an effect of vagus stimulation mentioned by 
Fiiel a good many years ago’. This change is a very striking one. It 
occurs even when there is no complete standstill—when the rhythm ‘s 
simply slowed, the inhibitory influence of vagus stimulation being in- 
sufficient to bring about an actual arrest of the heart’s beat. The slowly- 
occurring beats remain enfeebled whilst the vagus stimulation lasts and 


for some time afterwards; then, gradually increasing in force, they after 


a variable time again attain their full force (Pl. VIII. figs. 1, 2). When 
complete standstill of the heart is caused by vagus excitation, the auri- 
cular contractions occurring just before the standstill are usually much 


-enfeebled. The weakening of the auricular beats appears very shortly 


after the beginning of the vagus stimulation, generally after one beat or 
at most two beats have intervened. And this occurs even in cases 
where a considerable period elapses before the heart stops—where 
many beats intervene between the beginning of the vagus excitation 
and the cardiac standstill. The auricular beats speedily become reduced 
in strength—often before there is any diminution in the force of the 
ventricular beats and even indeed while the latter may be augmented 
in power. The auricular enfeeblement occurs early and is very 
extensive (Pl. VIII. figs. 3 and 9). Again, when the heart recommences 
beating after a period of inhibitory arrest, the auricular contractions are 
at first extremely weak, so weak indeed as to give very little movement 
of the recording lever. They gradually gain in power; the process of 
—o7r is a gradual one (Pl. VIII. figs. 3 and 7). : 


Pfiger's Archiv, Band 1x. 
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The. depression: of the auricular contraction force under vagus in- 
fluence is evidenced in other ways than the weakening of spontaneously 
occurring beats referred to. Artificially excited contractions show a 
similar change in strength. Auricular beats caused by the application 
of direct stimuli (e.g. single induction shocks or mechanical stimuli) 
during a period of inhibitory standstill are much reduced in force. Often 
the enfeeblement is so extreme that no distinct curve is recorded 
on the smoked drum; the contraction, though visible on careful 
inspection, is too slight to cause any decided movement of the writing 
lever. Similarly, when a series of beats are excited at the normal rate 
during a period of standstill, all the beats are markedly enfeebled 
(Pl. VIII. Fig. 3). And in the same way, when in a normal heart a rapid 
fluttering auricular action has been induced by the application of an 
interrupted current to the auricular wall, vagus stimulation can cause a 
marked weakening of the individual contractions constituting the rapid 
fluttering action; the contractions indeed are often reduced nearly to 
the point of invisibility, if they are not arrested altogether as fre- 
quently occurs. | 

It is evident the vagus stimulation depresses the contrac- 
tion force of the auricular muscle whether that contraction 
occurs as a spontaneous cardiac beat or in response to a 
direct artificial excitation of the auricular tissue. As regards 
the mode in which this force-depressing effect is brought 
about there are various conditions to be considered— 

(1) The distension of the auricular chambers with blood which 
occurs during marked slowing or stoppage of the heart resulting from 
vagus stimulation. A diminution in the strength of the auricular beat 
might conceivably be dependent on over-distension of the auricular walls 
whereby their contractile power is impaired—just as we see in the case 
of an over-distended bladder or in an over-stretched skeletal muscle. In 
order to test this question, I have often performed the experiment of 
clamping the great veins opening into the right auricle (the venz cave 
superior and inferior) a number of seconds before beginning the vagus 
stimulation. As a consequence of the shutting off of the inflow of blood 
into the heart the cavities of the organ rapidly become empty or nearly 
empty ; they present a more or less collapsed appearance. Still vagus 
stimulation causes the characteristic depression of the auricular force 
above described. And here there can obviously be no question of 
_ the occurrence of over-distension during the period of inhibition (PI. 
VIIT. Fig. 4). 
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_ (2) There is a fall of blood-pressure in the coronary arteries during 
inhibition; and the auricular weakening might possibly be attributed — 
to the change in the blood supply to the auricular tissue. The experi- 
ment of clamping the venw cave superior and inferior is a useful one in 
this relation also, It necessarily involves a great fall in the coronary — 
pressure, a fall which must be at least as great as that which accompanies 
cardiac standstill and much greater than the fall of pressure due to 
cardiac slowing from vagus stimulation. (The small amount of blood 
returned to the right auricle through the coronary veins after clamping 
of the venw cave can make little difference to the result.) Now, 
tracings of the auricular action after clamping of the venew cave show 
that, while a diminution of the contraction force does occur, that change 
is a slow and very gradual one—entirely different from the relatively 
sudden and profound change which occurs during vagus stimulation. A 
comparison of the graphic records obtained in the two conditions makes 
it plain that the sudden and extreme depression of contraction force 
brought about by the vagus nerve must be dependent on causes other 
than a simple reduction of the blood-pressure in the coronary vessels 
(Pl. VIII. Fig. 4). 
(3) The lengthening of the intervals between the auricular beats 
under vagus influence has to be taken into account. In the case of the 
frog’s ventricle we are familiar with the fact that a prolonged period of 
quiescence is often followed by a beat of diminished strength; the con- 
traction force then undergoes a gradual augmentation up to a maximum 
as the heart goes on beating—the well-known phenomenon designated 
a “staircase of beats” (Bowditch’s Treppe). Is the diminution of the 
force of the auricular beat in mammals due to the occurrence of a pro- 
longed period of quiescence? Such is certainly not the case. For the 
degree of weakening is not found to bear any constant relation to the 
length of the pause. Sometimes there is a very marked depression of 
force with comparatively slight prolongation of the pause, and on the 
other hand, there is sometimes a very long pause with a comparatively 
slight diminution in the strength of the beat. Moreover, even when 
the auricles are made to beat at the normal rate by direct stimulation 
during the period of inhibition, the beats—occurring as they do with a 
normal length of pause between them—are profoundly depressed in 
force ; often so feeble that they cause little or no appreciable movement 
of the recording lever (PI. VIII. Fig. 7). | 

It is obvious that the vagus nerve acts upon the auricles in a much 
more direct fashion than by affecting the amount of distension of their 
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cavities with blood, the pressure in their proper blood-vessels, or the 
length of pause between their beats. The vagus seems to exercise a 
powerful influence of a more or less direct nature upon the muscle itself 
—not merely by inhibiting or weakening the action of any hypothetical 
motor centres from which the muscular tissue ‘may be supposed to be 
innervated. For if it were true that the vagus acts simply by arresting 
the action of the motor centres, it is difficult to understand how the 
contraction force should be so markedly depressed when the auricular 
muscle is made to beat not by discharges from motor centres, but 
artificially by induction shocks passed through the tissue itself. 

_ 3. The vagus nerve can exert a powerful influence on 
the excitability of the auricular tissue as tested by its res- 
ponsiveness to direct excitation during a period of inhibition. 
Strong vagus stimulation produces a marked change—a marked 
diminution—in the readiness with which the auricles normally respond 
to a single stimulus (e.g. an induction shock or a mechanical stimulus) 
applied to their surface. The auricles can indeed be made to execute a 
beat—though a weak one—at any phase of the cardiac standstill—even 
when the vagus influence is strongest, but the stimulus necessary to call 
forth the beat requires to be very decidedly stronger than is required to 
excite an artificial beat in the uninhibited auricles, or in auricles that 
have nearly recovered from the inhibitory influence. Towards the end 
of a period of cardiac inhibition, when the auricles are becoming released 
from the depressing power of the vagus stimulation, a much weaker 
direct stimulus is capable of calling forth a beat than at an earlier phase 
when the vagus influence is still acting strongly on the auricular tissue. 
During slight vagus stimulation, the auricular responsiveness is often 
not markedly altered; but during strong vagus action the diminished 
excitability is a characteristic feature. No contraction results from the 
application of a stimulus strong enough in ordinary circumstances— 
apart from vagus influence—to elicit a ready response ; a much stronger 
excitation is now necessary. When vagus stimulation is discontinued 
the auricular irritability is soon restored. 

Again, when a weak interrupted current is applied to the normally- 
acting auricles, a rapid fluttering action is set up. If the current 
employed be just strong enough to keep up this fluttering movement, 
strong vagus stimulation commonly brings the auricles to a standstill in 
spite of the continued application to the auricular wall of the exciting 
current which had caused the rapid fluttering action. The current 
though strong enough to throw the normal auricles into a condition of 
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violent excitement, is quite insufficient to excite any contraction in the 
auricles depressed by the inhibitory influence of the vagus nerve. 

Further, this change of excitability brought about in the auricles by 
vagus stimulation occurs even when the venw cave have been pre- 
viously clamped. Hence it is not dependent on any over-distension of 
the auricular walls. Nor does it result from a fall of pressure in the 
coronary vessels supplying the auricular tissue. For clamping of the 
vene cave and the consequent fall of blood-pressure do not produce 
any similar result. Nor does closure of the coronary arteries. The 
depression in excitability is much too sudden and profound to be 
accounted for in any such way. Moreover, it is not due to a prolonga- 
tion of the pause between the beats, It occurs even though the 
auricles are kept contracting at the normal rate by means of direct 
stimuli during the period of vagus stimulation. The direct stimuli 
required are much stronger than what is usually necessary to force an 
auricular beat. 

The marked change in the responsiveness of the auricles 
to direct excitation during the inhibitory period, points— 
like the change in contraction force—to an important influ- 
ence exerted on the muscular fibres themselves by the 
vagus nerve. It is evident that whatever changes the vagus 
may bring about in the nerve cells occurring plentifully 
in the auricles, it can also modify in a very marked degree 
the properties of the contractile tissue itself. | 

4. The conduction power of the auricular tissue appears 
to be depressed by strong stimulation of the vagus nerve. 
This is indicated by the fact that when the auricles are very powerfully 
acted upon by vagus influence, contraction excited by artificial stimula- 
tion of the auricular surface is sometimes merely a local contraction. 
Instead of being propagated over the whole of the auricular muscle, the 
contraction is restricted to the stimulated region; it soon becomes lost 
as it spreads from the place of its origin. This phenomenon I have 
observed on several occasions in the hearts of the dog and cat. It is — 
only when the auricles are very powerfully inhibited that it occurs, as far 
as I have seen. It indicates an extreme depression of the conducting 
power of the auricular tissue. 

5. Vagus stimulation can depress the tone of the auri- 
cular muscle. This change may occur even when there is no absolute 
standstill. It occurs also when the venw cave have been previously 
clamped and the auricular chambers are no longer filled with blood; 
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strong vagus excitation can still cause an increased relaxation of the 
auricular muscle—compared to what obtains during an ordinary 
diastole. It is not clear whether this change in the auricular tone 
under vagus influence is brought about by a direct action of the nerve 
upon the muscular fibres themselves, or by an inhibition of the function 
of nerve cells upon which the tone may depend. For at present we 
have no means of determining with certainty whether the property of 
muscular tone is inherent in the muscular fibres themselves or is depen- 
dent on the functioning of nervous structures in relation with the mus- 
cular fibres, 

Upon the whole the depressing effects of vagus stimulation upon the 
‘mammalian auricles are very similar in their nature to those obtaining 
in the hearts of cold-blooded animals (frog, eel, newt, &c.). As regards © 
_ the after-effects of vagus stimulation any augmentation I have observed 
has been of a slight and variable character. Bearing in mind the 
changed physical conditions which may be concerned in the production 
of such changes, I do not feel warranted in affirming such after-effects — 
‘to be a direct result of the influence of the vagus nerve on the auricular 
tissue. 


II. 
On the influence of vagus stimulation on the ventricles. 


1. The arrest of the rhythmic action as a result of vagus excitation 
has long been known, though the mode of its causation has not been 
elucidated. There are three conceivable causes of ventricular stoppage 
to be considered in this connection—(1) The absence of those incita- 
tions to contraction which normally determine the ventricular 
sequence—such absence being due (a) to a cessation of the auricular 
beats which normally lead off the ventricular beats, or (6) to a block in 
the propagation of the contraction from auricles to ventricles. (2) An 
inhibitory influence acting through the vagus nerve on the inherent 
rhythmic property of the ventricles. (3) A combination of the two 
preceding conditions. 

The inhibition of the ventricular beat brought about by the vagus 
nerve in mammals appears to differ in its causation from what occurs 
in the hearts of many of the lower vertebrates, e.g. eel, frog, tortoise. 
In these animals the ventricle usually stands still on vagus stimulation 
because the other parts of the heart have stopped beating. Deprived of 
the impulses—from the sinus and auricles—which normally lead off its 
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action, the ventricle usually remains in a state of quiescence until the 
other parts of the heart again begin to beat, or until the independent 
ventricular rhythmic power becomes manifested; this latter event 
rarely occurs, for the inherent ventricular rhythm in those animals is 
very low and requires a comparatively long time for its development 
and manifestation—much longer than the relatively short period of 
inhibition. Hence the ventricle remains quiescent along with the rest 
of the heart. In the mammalian heart during vagus stimulation the 
state of matters is different. The ventricles do not stand still simply 
because the auricles have stopped. The power of independent rhythmic 
action inherent in the ventricular tissue is so high that only a very 
brief period of quiescence could be brought about merely by an arrest 
of the auricles. For though the ventricles would then be deprived 
of those impulses from the auricles which normally dominate the ven- 
tricular action, such a deprivation would not cause a prolonged stand- 


— still; for the automatic rhythmic power of the ventricles would come 


into play and ensure the continuance of regular beats—though at a 
slower rate than before. I have already cited evidence showing that 
the independent rhythmic tendency of the mammalian ventricles is 
very high’. And such being the case it is evident that ventricular ar- 
rest can not be due simply to an absence of the incitations to contrac- 
tion normally derived from the auricles—whether such absence is de- 
pendent (a) on a cessation of the auricular action or (b) a state of block- 
ing between the auricles and the ventricles. 

It is difficult to understand how a ventricular standstill of prolonged 
duration, such as we are familiar with as a result of vagus stimulation, 
could be brought about otherwise than by an inhibition of the inherent 
rhythm. 
_ Moreover, there are various facts that support this view. Upon 
several occasions I have seen vagus stimulation bringing the auricles to 
a state of complete arrest whilst the ventricles still went on beating for 
several seconds, being inhibited in these instances with much greater 
difficulty than the auricles. The ventricular action outlasting the 
auricular beats must have been due to the automatic power of the 
ventricle; yet after a little time it yielded to the inhibitory influence of 
the vagus. Again, there is the fact that vagus stimulation can arrest 
the ventricles even when the ascending aorta has been previously 
clamped. In this condition the left ventricle is unable to empty itself 


‘at its systole; the cavity remains tensely filled with blood—a state 
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which strongly augments the tendency of the excitable ventricular 
tissue to contract. Yet strong excitation of the vagus can cause stand- 
still. It is difficult to conceive that the stoppage in such circumstances 
should be due to the absence of exciting impulses from the auricles ; 
it is very improbable that the highly rhythmic and highly excitable 
ventricles would in such a way be rendered quiescent in spite of a con- 
dition which greatly predisposes to a discharge of contractile energy— 
as we see illustrated in the heart of the frog and other animals. Clamp- 
ing of the pulmonary artery also—followed by distension of the right 
ventricle—does not obviate the occurrence of inhibitory standstill when 
the vagus is strongly stimulated. The results in short point in the 
same direction as those obtained after closure of the aorta. 

On the other hand, while auricular standstill is not in itself sufficient 
to account for the occurrence of prolonged ventricular standstill, yet the 
state of the auricles has an important bearing on the ventricles. 
Auricular contractions of fair strength occurring during vagus stimulation 
are commonly (though not invariably) responded to by ventricular 
beats. The auricular systole leads usually to a ventricular systole, in 
spite of the inhibitory influence acting on the heart. The latter 
influence is sufficient to control the rhythm of the ventricles in the 
absence of any strong impulse to contraction derived from 
the auricles, but usually only in the absence of such an impulse. 
Hence, the absence of auricular beats of any considerable strength is 
generally a necessary condition for the manifestation of a prolonged 
ventricular quiescence ; though the auricular standstill is not in itself a . 
sufficient cause for the ventricular stoppage. Thus the cause of the 
ventricular standstill during vagus stimulation is usually 
a two-fold one, (1) an inhibition or depression of the inhe- | 
rent rhythmic property of the ventricles, and (2) the absence 
of the incitations to contraction normally communicated to 
the ventricles from the auricles. 

2. Vagus stimulation exercises a marked control over 
the contraction force of the ventricular muscle. It depresses 
the strength of the ventricular beats, When the heart recom- 
mences action after a period of inhibitory standstill the force of the 
ventricular beats is as a rule very decidedly reduced, at first. One or more 
enfeebled beats occur before the full strength of contraction is regained 
(Pl. VIII. Fig. 9). Again, when several beats intervene between 
the beginning of the vagus excitation and the occurrence of ventricular 
standstill, one or more beats before the stoppage usually show a 
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marked diminution in size. Moreover when slowing of the heart's 
rhythm — instead of complete arrest—results from the stimulation 
of the vagus nerve, the slowly-occurring beats are generally much 
weakened. The precise amount of force-depression that takes place varies 
in different circumstances ; often the ventricular curves are reduced to one | 
half their ordinary height (PI. VIII. Figs. 5 and 6). ‘ 

Artificial stimulation during the period of inhibition affords clear 
evidence of the force-depressing influence at work, Beats excited during 
the standstill by direct stimuli (e.g. single induction shocks or mechanical 
stimuli) are usually reduced in force as compared with the ordinary 
beats occurring before or some little time after the inhibition (Pl. VIII. 
Fig. 7). 

These results, indicative of a very important influence exerted by the 
vagus nerve upon the contraction force of the ventricular muscle, are 
obtained with great constancy by the employment of the methods stated 
at the béginning of this paper. But the interpretation of the graphic 
records of the action of the intact mammalian heart stands on a very 
different footing from the study of the changes in the hearts ofeetd“blooded 
animals. For in the latter one can experiment with the empty isolated 
heart and so avoid many of the circumstances that complicate and render 
difficult the investigation in the: mammalian heart. In the hearts of 
warm-blooded animals we have to take into account the possible 
influence of varying degrees of distension in the several cavities, of 
changes in the resistance offered to the contraction of the muscular 
walls upon their contents, and of altered conditions of the proper blood- 
supply of the cardiac tissues through the coronary vessels—conditions pre- 
sumably affecting with considerable readiness the behaviour of an organ 
so excitable and sensitive as the heart. 

In studying such a question as that of the force-depressing effects of 
vagus stimulation on the ventricles, it will be evident that while the 
graphic records referred to make plain the important fact that the vagus 
nerve can powerfully reduce the force of the ventricular beat, there is 
still much to be considered before we can have any precise knowledge as 
to how the result is brought about. In what way does the vagus 
depress the ventricular beat? Is it by a specific influence on the 
contractile mechanism, or is the change dependent on the altered 
physical conditions associated with the slowing or stoppage of the 
heart? For cardiac arrest brings with it many incidental changes in 
the conditions under which the ventricular muscle works. There 
are various circumstances to be considered. 
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(1) After the heart has been arrested by vagus stimulation the 
ventricular recommencement occurs under conditions somewhat different 
_ from the normal in respect of the distension of their cavities with blood. 
During the standstill the ventricles become slowly and gradually filled, 
often becoming considerably dilated by the time the recommencing beat 
occurs. On the other hand the sudden distension immediately pre- 
ceding the ventricular beat in normal circumstances and dependent on 
the auricular contraction is commonly much reduced in its amount—in 
consequence of the enfeeblement of the auricular beat. The ventricles 
then give their recommencing beat under somewhat changed physical 
conditions as regards the distension of their chambers with blood. Again, 
when vagus stimulation has caused not a complete standstill but a 
marked slowing and weakening of the cardiac action, the ventricular 
contraction may possibly be in some degree influenced by the fact that 
the weak auricular beat occurring in such circumstances is not productive 
of such a sudden and considerable rise of intra-ventricular pressure as 
normally occurs. Further, when a ventricular beat is excited by direct 
stimulation of the ventricular surface during the inhibitory standstill no 
auricular contraction precedes the ventricular contraction ; and hence 
there is an absence of the sudden rise of intra-ventricular pressure 
normally occurring before the ventricles contract. 

But it can be shown that none of these altered conditions of the 
ventricles—as regards their distension with blood—are capable of 
accounting for the depression of the contraction force—resulting from 
stimulation of the vagus nerve. A very important experiment in this 
connection is that of clamping the ven cave before commencing the 
excitation of the vagus. The heart is then nearly empty, and the 
question of alterations in the ventricular distension during slowing or 
stoppage of the heart is practically set aside. In these circumstances a 
marked depression of the ventricular contraction force is still brought 
about by vagus stimulatiog, It-may indeed be less in degree than 
formerly—the vagus often appears to exert a less powerful influence over 
the heart—but still the reduction in the strength of the beat is amply 
sufficient to demonstrate that the vagus nerve affects the ventricular 
contraction force in some other way than through changed physical 
conditions of ventricular distension (Pl. VIIT. Fig. 4). 

(2) Vagus stimulation slowing or stopping the heart gives a fall of 
pressure in the aorta and pulmonary artery and consequently a dimi- 
nished amount of resistance to the ventricular systole. The effect of an 
altered load or resistance to contraction in the case of skeletal muscle is 
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familiar to all. Moreover, I find that a sudden fall of blood-pressure 


does tend, ceteris paribus, to cause in some degree a diminution in the 


strength of the ventricular beat. 
But the experiment already cited, viz. that of clamping the venew 


- cave some little time before stimulating the vagus nerve, affords results 


which show that a lessened resistance to the ventricular contraction 
depending on a fall of blood-pressure is not competent to explain the 
force-depressing effects of vagus excitation. When the vene cave are 
clamped there of course results a great fall in the blood-pressure—a fall 
not affected by changes in the heart’s action; at the same time there 
occurs a slow and gradual lessening of the strength of the contraction. 
In this condition vagus stimulation can still reduce the ventricular 
force; the beats again increase in force when the inhibitory influence 
has passed away, despite the continued lowness of the pressure. (The 
beats do not of course recover their full strength until the great veins 
have been released and the circulation re-established.) 1n such circum- 
stances it is evident that the vagus does not reduce the strength of the 
ventricular beat merely by leading to a diminution in the arterial 
resistance. (I have in some instances clamped not only the vene cave 
but also the root of the aorta and the pulmonary artery; the force- 
depressing effect of vagus stimulation is still manifested.) 

Moreover, when the circulation is going on in normal fashion, the 
force-depressing effect of vagus stimulation is strikingly different from 
that of a fall of blood-pressure caused by clamping the venw cave. The 
effect of the latter proceeding is a comparatively slow and gradual 
weakening of the beat; obviously not to be compared with the sudden 
and extensive reduction of force caused by excitation of the vagus nerve 
(Pl. VIII. Fig. 4). 

Again, in the case of vagus stimulation while the circulation is 
intact the depression of ventricular force is not by any means always 
proportionate to the length of standstill; it is not always proportionate 
to the fall of blood-pressure. Sometimes, there occurs a great diminu- 
tion in the strength of the beat without any complete standstill but 
only a slowing of the rhythm (Pl. VIII. Fig. 6). At other times, stand- 
still of some duration is followed by what is relatively a much slighter 
weakening of the recommencing beats (Pl. VIII. Fig. 7). 

Further, one can by constricting or clamping the ascending aorta 
offer a greatly increased resistance to the ventricular contraction. But 
in spite of this, vagus stimulation can still reduce the strength of the 
ventricular beat very markedly below the normal height. 
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(8) During cardiac standstill there occurs a great fall of blood- 


pressure in the coronary vessels, and hence a change in the nutritive 
relations of the cardiac tissues. We know that an interference with the 
blood-flow through the coronary arteries (by compression or ligature) 
necessarily leads to an enfeeblement of the cardiac beat after a time. 
But the reasons just stated under (2) render it apparent that a change 
in the coronary pressure is not adequate to explain the effects of vagus 
stimulation in causing a sudden and extensive reduction in the ven- 
tricular contraction force. | 

(4) It will be stated presently that vagus stimulation in addition 
to depressing the contraction force—can also cause a change in the 
shape and duration of the ventricular curves, a broadening and prolonga- 
tion of the curves. Is it possible that when the curve is reduced in 
height but increased in breadth and duration, the same amount of 
energy is really put forth by the ventricular muscle as in the case of a 
higher and narrower curve of shorter duration? Is the diminution in 
the height of the curve due to the energy of the ventricular beat 
- being distributed over a longer time, while really unchanged in 
amount? The contraction process might be slowed in all the fibres, or 
the contraction of different fibres might not be so nearly simultaneous 
as in the normal state; hence the force communicated to the lever 
might be distributed over a longer period. 

No such bypothesis is capable of explaining the weakening of the 
ventricular beats under vagus influence. A careful examination of the 
graphic records makes this plain. The depression of force bears no 
constant relation to the increased duration of the curve. Sometimes the 
curve is much reduced in height and only slightly elongated (Pl. VIII. 
Fig. 7). On the other hand a comparatively large high curve may be 

much prolonged (Pl. VIII. Fig. 7 and Pl. IX. Fig. 8). Moreover, the 
increased duration of the curves can easily be obviated while the height 
of the curves still remains much depressed; this can be done by 
artificially exciting a series of veutricular beats at approximately the 
normal rate whilst the heart is under the inhibitory influence of the 
vagus. The beats thus excited are often free from any prolongation ; 
but they are still depressed in force, showing clearly that the force- 
depressing effect of vagus stimulation is quite independent of any 
increase in the duration of the individual curves (Pl. IX. Fig. 10). 
Lastly, the increased duration of the ventricular curve under vagus 
influence is mainly if not exclusively due to a change in the phase of 
ventricular relaxation and not in the phase of contraction—as may be 
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seen by examining any of the curves in which a prolonged duration is is 
present. 

(5) Is the depression of .the ventricular contraction force under 
vagus influence simply a result of the abnormally protracted pause 
that occurs either when the heart is brought to a standstill or when 
the cardiac rhythm is very markedly slowed ? 

We are familiar with the fact that in the frog’s heart a period of 
prolonged quiescence is often followed by a beat of reduced force; this 
is followed by beats of progressively increasing strength until the 
maximum strength is attained. This is the phenomenon well known as 
a “staircase of beats” (Bowditch’ s Treppe) ; and the gradual augmen- 
tation in the force of the successive beats is commonly ascribed to what 
is called “the beneficial effect of contraction.” Bearing these facts 


in mind it is quite conceivable that in the mammalian ventricles the « 


absence of contraction for an abnormally long period—the occurrence of 


a protracted pause or standstill—should be attended by a depression of 


the contraction force—more readily indeed than in the frog, since the 
metabolism in the former organ is much more rapid and its necessities 
as regards the removal of waste products and the supply of fresh material | 
are vastly more urgent. 

But there are many facts that controvert the idea that the 
weakening of the ventricular beats brought about by vagus stimulation 
essentially depends on and results from the occurrence of an abnormally 
protracted pause or period of quiescence, In the first place, there is 
the fact that there is no constant or definite relation between the 
duration of the standstill and the amount of force-depression; the 
diminution in the strength of the beats frequently shows an entire 
want of parallelism with the diminution in rate. Sometimes a weak 
beat follows a comparatively short pause, while a much stronger beat — 
follows a much longer pause. On the other hand the converse often 
holds good; a weak beat succeeds a very long pause and a stronger 
beat a short pause. Indeed, instead of there being any simple and 
constant relation between the length of the pause and the degree of 
force-depression, there seem to be two distinct conditions as regards 
the relation borne by the force of beat to the preceding pause. 
(a) In one condition, the strength of the beat appears to be less 
after a short inhibitory pause than after a longer one. The available 
ehergy appears to accumulate slowly during the period of quiescence ; 
there is a stronger discharge after a considerable interval than after a 
short interval (Pl. IX. Fig. 8). This condition of affairs seems to occur 
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mainly when inhibition is passing away or when the vagus influence 
is weak and when the inhibitory effect is manifested more decidedly — 
ia a slowing of the rhythm than in a marked reduction of the con- 
traction force. The strength indeed of the slowly-occurring beats may 
be quite as great as the normal or even greater (Pl. VIII. Figs. 1 and 9). 
Still in many of those instances the amount of energy available in a 
given period (of a few seconds) is much less than the normal. The 
slowly-occurring beats are strong because there are long intervening 
periods during which the energy accumulates ; if the rate of contraction 
is raised to the normal rhythm (by the periodic application of direct 
stimuli) the force of the individual beats often becomes less than the 
normal (Pl. 1X. Fig. 8). In some cases under vagus influence the 
ventricular rhythm is affected much more readily than the contraction 
force; the beats are then usually of large size. (b) In the other 
condition, an entirely different rule holds, The longer the inhibitory 
pause the weaker is the beat which succeeds it. A contraction 
following a brief period of quiescence is tolerably strong, whereas a 
contraction following a long period of quiescence is much enfeebled. 
And these results occur whether the beats in question occur spon- 
taneously, or are excited by direct stimulation (Pl, VIII. Figs. 5 and 9). 
This condition (b) is the one which I have found to-obtain most 
frequently—at least when the vagus is acting strongly upon the heart. 
At the same time, the two conditions may be more or less intermixed. _ 
Each may occur during a single period of inhibition—at different 
phases of that period (Pl. VIII. Fig. 2). 

_ Again, there is often during vagus stimulation a great ie 
of contraction force associated with a comparatively slight prolongation 
of the pauses between the beats. And on the other hand a similar 
or greater prolongation of the pauses may occur without any depression 
in contraction force. (Such is often seen when the ostial part of the 
‘vena cava superior is suddenly and strongly heated—as described at 
a later stage of this paper.) 

It will be apparent from the foregoing facts that there is no 
- difficulty in concluding that the protracted pause intervening between 
one beat and another during vagus stimulation cannot be the essential 
and sole cause of the depression of contraction force which undoubtedly 
occurs, This conclusion is further strengthened by the following ex- 
_ periment :—When the vagus nerve is stimulated and the heart in- 
hibited, an artificial ventricular rhythm at the normal rate can be 
set up by the regular and periodic application of direct stimuli (e.g. - 
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induction shocks) to the ventricular surface. Now though the intervals 
between the beats of this artificial rhythm are not unduly protracted 
but are of normal or approximately normal duration the individual 
beats are decidedly weaker than normal beats (Pl. VIII. Fig. 3). It 
may be suggested that the diminished arterial resistance may play 
some part here. But on the other hand even when the vene cave 
have been previously clamped ‘there are indications of depressed force 
.in the beats of the artificial rhythm (Pl. IX. Fig. 11). In other words 
there is still a depression of the contraction force in the entire absence 
of any abnormal pauses or protracted periods of quiescence—such as 
ordinarily occur under vagus influence. It is obvious that the reduction 
in the strength of the beats occurring during inbibition is not neces- 
sarily associated with and entirely dependent on the simple conse- 
quences of a change of rhythm—on the occurrence of passive intervals 
of abnormally great duration. 7 

(6) From a consideration of the foregoing facts it seems clear 
that none of the hypotheses brought forward—turning as they do 
mainly upon the changed physical conditions obtaining in the heart 
as results of a slowing or arrest of the rhythm—are fully adequate 
to explain the force-depressing effects of vagus stimulation. And this 
conclusion holds whether these hypotheses are regarded singly or in 
more or less complex combinations, as will be seen on reviewing any 
possible combination in the light of the experimental results stated 
above. A consideration of the inadequacy of the various before- 
mentioned hypotheses to meet the case leads to the postulation of 
some agency other than those advanced; viz. to the exercise of a 
specific influence through the vagus nerve upon the ventri- 
cular tissue. This hypothesis is one which seems necessary to a 
complete explanation of the facts yielded by experiment. 

Passing from the consideration of the manner in which vagus 
stimulation depresses the force of the ventricular beat, I shall now proceed 
to make a few further remarks on that change. Donders registering the 
heart’s impulse by means of a cardiograph found no diminution in the 
strength of the impulse as a result of vagus stimulation, but rather an 
increase, which he regarded as being probably due to an increased 
fulness of the heart with blood. Niiel’ while he noticed a change in the 
force of the auricular contraction—during vagus stimulation—concluded 
,that there was no reduction in the force of the ventricular beat. The 
present investigation, however, based upon the direct registration of the 
1 Loe. cit. 
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ventricular movements by a variety of methods has given a long series 
of results which, arrived at by different methods, concur in showing 

in the most palpable manner that the controlling influence which the 
vagus nerve can exert upon the force of the ventricular — is @ very 
potent and very important one. 

It has already been remarked that the influence of vagus stimulation 
on the rhythm and on the contraction force does not always run parallel. 
When the vagus influence on the heart is comparatively weak or slowly 
manifested I have often seen the rhythm slowed while there was no 
depression in the force of the individual contractions, while indeed the 
ventricular beats were larger than usual—the augmentation in size 
depending on the slowness of succession, a. longer period than usual being 
available for the accumulation of energy to be discharged at each beat. 
(It is possible, however, that even here there may be some tendency 
to a depression of contraction force though the effect is masked by the 
increase of force resulting from the prolongation of the intervals between 
the contractions.) (Pl. VIII. Fig. 1, early part of inhibitory period in 
Fig. 9.) 

The relation of the weakening of the ventricular contraction force 
to blood-pressure changes I cannot discuss in this paper. Simultaneous 
tracings taken directly from the ventricles and from a kymograph 
- connected with the carotid artery show in a striking manner the 
very different appearances presented; the slow and weak ventricular 
beats cause very large waves in the blood-pressure tracing. It is 
obviously quite impossible to measure the strength of ventricular beats 
by the amplitude of the oscillations which they cause in the arterial 
pressure. And even when the test applied is the rise or fall of the 
mean blood-pressure (not the oscillations due to single contractions) and 
when means have been taken to ensure that any changes in pressure 
that occur can be justly ascribed to changes in the cardiac action, we 
are still very far from having any accurate indication of the ventricular 
force, even if the change of pressure should occur—as has been 
described in some instances—without any change in the rate of the 
ventricular beats. For changes in the auricular action brought about 
by nervous influences or other causes can affect the arterial pressure in 
a marked degree apart from the occurrence of any direct or special 
modification in the strength of the ventricular beat. A nervous 
influence directly affecting the auricles and not the ventricles could 
cause important changes in the arterial pressure. Hence it seems plain 
that any interpretation of changes in blood-pressure as indications of 


3 
a 
‘ 
x 
7 
if 


364 J. A, M°WILLIAM. 


the force of the ventricular contraction is open to grave possibilities of 
error’, 

As regards the question of the after-effects of vagus stimulation 
upon the ventricular force, there is very little to be said. I have not 
seen any proof of the occurrence of an augmentation of force depending 
- upon vagus excitation. I have noticed an apparent improvement in the 
heart’s action after stimulation of the vagus in an asphyxiated animal, 
but I have no graphic record of the cardiac movements in this case. 

3. Vagus stimulation can cause a marked change in the shape and 
duration of the ventricular curves. This change is readily observable 
in tracings made from the heart during a period of inhibition—induced- 
by stimulation of either vagus in the usual way after these nerves have 
been divided. The first curve occurring after a ventricular standstill is 
decidedly altered ; the curve is much broader at its middle part, and 
sometimes also its upper part; at the same time the duration of the 
curve as a whole is prolonged.. Similar characters obtain in the curves 
of beats excited by direct stimulation at long intervals during the period 
of standstill. Moreover, when marked slowing, instead of complete arrest, 
results from vagus stimulation the curves afforded by the slowly | 
recurring beats present altered features of the same character as those 
just mentioned, though usually in a less marked degree. The amount 
of change indeed varies in many cases according to the length of the 
interval preceding the curve; the longer the interval the more pro- 
nounced and extensive—within certain limits—is the degree of altera- 
tion observable in the ventricular curves (PI. VIII. Fig. 7). This rule, 
however, does not, as we shall presently see, hold good invariably. 

In what way are the changes in the shape and duration of the ven- 
tricular curves produced? Do they result from the changed physical 
conditions obtaining in the heart during inhibitory slowing or stoppage, 
or are they dependent on a specific influence exerted by the vagus nerve 
on the contractile mechanism? In regard to this question there are 
various considerations to be taken into account. 

(1) There are changed conditions as regards distension of the 
ventricles with blood during the inhibitory state—the changes that 
have already been alluded to in discussing the possible causes of the 
characteristic depression in contraction force. Such however are not 
competent to explain the modification in the form and duration of the 
ventricular curves now under consideration. For the modifications 


1 This method has recently been employed by Pawlow in an investigation published 
in the Arch. f. Anat. u. Physiol. February, 1888, 
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in question are not removed by previously clamping the vene cave 
and thus putting the factor of ventricular distension out of the question. 
Vagus stimulation after the heart has been rendered practically empty 
in this way can still alter the shape and duration of the ventricular 
curves in the way before referred to; clamping of the veins without 
vagus stimulation does not prodiice those changes in the curves 
(Pl. VIII. Fig. 4). 

(2) There is diminished resistance to the ventricular contraction 
during vagus stimulation, since the blood-pressure in the aorta falls, 
But such a change could not account for the changes in question. 
There is no ground for assuming that diminished resistance to the 
systole would give a prolongation of the curve ; indeed there is proof to 
the contrary. Moreover there is the fact that the alterations in the 
ventricular curves dccur on vagus stimulation after the venw cave have 
been clamped ; and here the factor of changed arterial resistance is set 
aside (Pl. VIII. Fig. 4). 

(3) A fall in the coronary blood-pressure is obviously inadequate to 
determine the phenomena in question, since clamping of the venw cave 
and the consequent fall of arterial pressure do not cause any similar 
modification of the shape and duration of the curves (Pl. VIII. Fig. 4). 

(4) Is there a specific influence of the vagus nerve on the ventricu- 
lar muscle affecting the shape and duration of its curves? Since the 
vagus can control the contraction force of the ventricular muscle, it is 
conceivable that it might also modify the curves in other -respects. 
Such changes as those under consideration might be brought about by 
(a) alteration in the length of the contraction process in all the fibres, or 
(b) by an interference or retardation of the propagation of the contrac- 
tion over the complexly interlaced sets of fibres, so that the ventricles 
taken at any part of their wall are in a state of contraction (affecting 
more or less of the thickness of the wall) for a longer period than 
usual; this does not involve a lengthening of the contraction period 
in each individual fibre. Or the result might be due (c) to a retarda- 
tion of the process of relaxation after the ventricles have contracted 
fully. An examination of the graphic records shows that the changes 
in the ventricular curves under consideration are due mainly if not 
entirely to an alteration in the relaxation of the ventricular muscle. 
And there is no decisive proof that this alteration depends directly on 
a specific influence of the vagus nerve upon the mechanism of contrac- 
tion. Moreover while such proof is absent, many of we facts observed 
harmonise with the following hypothesis :— 
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(5) That the changes in the form and duration of the ventricular 
curves brought about by vagus stimulation depend upon the occurrence 
of a prolonged interval between the beats, and associated molecular 
changes in the ventricular tissue. During vagus stimulation the 
changes in question frequently bear a close relation to the length of the 
pause preceding a beat; they are slightly marked after a short stand- 


still, and conspicuously evident after a long standstill. The more — 


prolonged the interval between the beats the more extensive—within 


certain limits—are the changes in question. And this rule often holds 


both in the case of contractions occurring spontaneously and in the case 
of those excited by artificial stimulation. Moreover, in an artificial 
series of beats at the normal rate as called forth by direct stimuli during 
a period of inhibition the characteristic changes in the form and dura- 
tion of the ventricular curves are frequently absent; when the interval 
between the contractions is of normal duration the curves obtained are 
free from the altered characters above described (Pl. IX. Fig. 10). 
Again, when a prolongation of the interval between the ventricular 
beats results from some cause other than vagus stimulation, changes in 
the duration of the ventricular curves are also seen. For example when 
a “compensatory pause ” follows a phase of artificially induced accelera- 
tion of the cardiac rhythm (e.g. by slight heating of the terminal or 
ostial part of the vena cava superior; but here again we are not quite 
certain that inhibitory influences depending on an action of vagus fibres 
are excluded). Very many of the facts, in short, are in harmony with 
the view that the alterations in the form and duration of the ventricular 
curves during vagus stimulation are due to changed molecular conditions 
dependent on the changed rhythm—on the occurrence of protracted 
periods of quiescence between the ventricular beats. Whether under 
this view the accumulation of waste products or some deeper changes in 


the unstable elements of the excitable tissue constitute the prime factor 


it is impossible at present to surmise. But the fact that the relation of 
the length of pause to the degree of change in the curves is not a con- 
stant one introduces a difficulty. It sometimes happens that after vagus 
stimulation has ended and the ventricles recommence beating at or 
nearly at the normal rate, the curves remain changed in form and 


. duration until two, three or more beats have occurred. Here the 


change in the curve is not proportionate to the interval between the 
contractions (Pl. VIIE. Fig. 7). Of course it might be assumed that the 
molecular effects of protracted quiescence are not obviated by a single 
beat—that some time is required for complete recovery after recom- 
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mencement of the ventricular action has occurred. On the other hand 
the phenomenon in question might be construed as favouring the view 
that the change in the form and duration of the curves is due to a 
specific influence exercised by the vagus nerve on the contractile 
mechanism. 
_ 4 As regards the responsiveness of the ventricles to direct stimuli 
applied to the ventricular surface during a period of inhibition I have 
only to say that if there is any change at all it is a slight one—not at 
all comparable to the pronounced and important change in the auricles. 
I am not satisfied of the exercise by the vagus nerve of any specific 
influence on the readiness with which the ventricles respond to direct 
excitation—as tested by the strength of stimulus necessary to call forth 
a beat. 

5. The question of the relation of the vagus nerve to the ventri- 
— tone I must reserve for a future communication. — 


IIL. 


On the influence of vagus stimulation on the Seopiiciion: of the 
contraction from auricles to ventricles. 


There is evidence to show that the vagus nerve can exorcins an 
important influence upon the mechanism by which in the normal state 
the contraction is transmitted across the auriculo-ventricular junction. 
Vagus stimulation can lead to an interference with the normal process — 
of propagation, involving a more or less complete failure of the 
ventricular sequence ; the ventricles may entirely fail for a time (during 
the inhibitory period) to respond to the auricular beats, or the failure 
may be a partial one, the ventricles contracting in response to every 
second or third auricular contraction, and not in response to every 
auricular contraction as in the normal state. : 

Such evidence is obtained by closely watching the condition and 
behaviour of the heart in various circumstances. Cardiac inhibition 
very frequently runs a course in which little or nothing can be gathered 
as to the functional state of the mechanism of propagation between the 
auricles and ventricles during strong inhibition ; no evidence of either a 
positive or a negative character is available. Such cases are those—of 
very common occurrence—where vagus stimulation causes a simul- 
taneous arrest of the whole heart and where on recovery from inhibitory 
control the whole heart participates in the recommencing action, In 
those cases vagus stimulation causes standstill of the auricles and 
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ventricles at the same time; and on recommencement after the period 
of inhibition has passed away the heart beats in normal fashion, each 
auricular contraction being followed by a ventricular contraction in the 
normal sequence. It is obvious that a study of such phenomena reveals 
nothing regarding the state of the mechanism of propagation during 
the height of the inhibitory influence, ie. during the period of 
standstill. We have nothing to show whether the mechanism of 
propagation is at that time functionally capable or not. It is obviously 


quite active when recommencement of the heart’s action takes place— 


as evidenced by the regularity of the ventricular sequence—but at this 
phase the strong inhibitory control has passed away, and the mechanism 
of propagation may like the auricles and ventricles have recovered from 
a state of inhibitory depression in which it had been held whilst the 
vagus was acting strongly. The fact that the mechanism of propagation 


is in good working order when the heart recommences beating after a 


period of standstill proves nothing regarding the question as to whether 
that mechanism was or was not a hors de combat at some phase of 
the period of: standstill. 

It is evident that in order to gain any inbinnetion as to the state of 
the mechanism of propagation between the auricles and the ventricles it 
is necessary to study those less frequent instances in which the effects of 
vagus stimulation on the cardiac rhythm are manifested unequally upon 
the different parts of the organ; where one part goes on beating after 
the other has stopped, or where one part recommences beating before 
the other has begun, or where under vagus influence one part beats at a 
different rate from the other. 

In many such instances I have closely examined the state of 
matters. In a number of cases I have seen vagus stimulation causing 
an arrest of the ventricles while the auricles went on beating—though 
usually at a slower rate than before. Such a result I have observed in 
the rabbit and the cat. A phenomenon of like nature is seen under 
vagus influence in those instances where there is no complete ventricular 
standstill accompanied by continued auricular action, but where there is 
a partial ventricular failure ; the ventricles beat much more slowly than 


the auricles, the former responding to every second or third beat of the 


latter instead of every beat as in the normal condition (cat, kitten, 
dog) (Pl. IX. Figs. 10 and 12—the early part of the period of vagus 
stimulation shown in these tracings). Now, in those cases there was no 
evidence of a depression of the readiness of the ventricles to respond to 
a stimulus. Contraction was easily excited by the application of a weak 
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direct stimulus to the ventricular surface. It is difficult to conceive any 
explanation of the failure in the ventricular sequence other than a 
failure in the transmission of the contraction impulse from the auricles. 
The ventricles were quite excitable and ready to contract on the arrival 
of a stimulus ; they failed to contract evidently in consequence of the 
non-arrival of any exciting impulse. 

_ Again there are some peculiar and exceptional modes of recom-. 
mencing action after a period of inhibition that have an important 
bearing on the question now under consideration. In some rare 
instances, the auricles give one or more beats without the occurrence of 
any responsive ventricular contractions. And less rarely it may be seen 
that when recommencement occurs after a period of standstill, the 
ventricles for a short time fail to keep pace with the auricles; the 
ventricles respond only to every second or third auricular beat. Before 
long this peculiarity disappears, and the regular succession of a 
ventricular contraction on each auricular contraction becomes re- 
established. 

A mode of recommencement which I have frequently seen in the 
guinea-pig deserves special attention. In that animal, when a period of 
vagus inhibition has passed away, the recommencing contraction often 
appears in the ventricles, while the auricles remain entirely quieseent— 
as seen not only when examined by the graphic method but when 
subjected to the closest direct scrutiny. But the recommencing action is 
only for a very short time confined to the ventricles; the auricles soon 
begin to beat rapidly, and their rate of action quickly outruns that of the 
ventricles. The auricles for a time beat much more frequently than the 
ventricles, the latter responding only to every second or third beat of 
the former. In other words many of the auricular contractions fail to 
be propagated to the ventricles. Now such a result might conceivably 
be due to two causes. 

(a) To an interference with the mechanism of propagation leading 
to the non-arrival of an exciting impulse in the ventricles—a blocking of 
the path of the contraction impulse from auricles to ventricles. - 

(6) On the other hand the result in question might come about from 
the existence of a great depression in the ventricular excitability—a 
diminution in the readiness of the ventricles to respond to a stimulus 
reaching them. On this supposition the contraction impulse might be 
duly transmitted to the ventricles but might on arrival fail to rouse the 
ventricles into action. 

Now, there is clear evidence that the second mentioned condition 
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does not obtain that the ventricles are not in so depressed a state as to 
be incapable of readily responding to an exciting impulse. This is 
shown not only by the fact that very weak direct stimuli applied to the 
ventricular surface are readily effective in causing a beat, but also by the 


fact that in the instances cited (guinea-pig) there had actually been a 


ventricular recommencement without any auricular action at all. The 
ventricles had recommenced beating in virtue of their inherent rhythmic 
power, and that fact—the manifestation of their independent power of 
spontaneous contraction—shows that their excitability was high. For 
the cardiac tissue presents very definite and constant characters in regard 
to its excitability. Its excitability is always depressed by the occurrence 


of a contraction; this depression is followed by a gradual recovery 


evidenced not only by an increase in the available contraction force but 
also by a progressive rise in the responsiveness of the tissue to 
stimulation—in the readiness of the tissue to discharge a beat on the 
application of a stimulus. At length the process of recovery has 
arrived at such a phase that a very weak excitation is sufficient to call 
forth a beat, though no beat occurs spontaneously. It is at a later stage 
that the heightened excitability and instability of the tissue culminates 
in the discharge of a spontaneous contraction—provided the tissue is one 
which. is endowed with an independent power of spontaneous activity, 
It is evident then that the occurrence of a spontaneous beat occurring in 
any portion of the cardiac tissue affords a very important and reliable 
means of gauging the excitability of that tissue ; the manifestation of a 
spontaneous beat shows that the excitability of the tissue is high, and 
that it is quite ready to respond to any contraction impulse that may 
reach it. Hence it is obviously inadmissible to assume that the failure is 
on the side of the ventricles—a failure to respond to a contraction impulse 
reaching them from the auricles. The real reason why the ventricles do 
not respond to each auricular beat is evidently a defective action of the 
mechanism of propagation—in consequence of which a certain number 
of the contraction impulses fail to be transmitted, or in other words are 
blocked. In this way the ventricles do not respond to every auricular 
beat and their action is much slower than that of the auricles; the 
independent rhythmic power of the ventricles is not high enough to keep 
up such a rapid rate of beat as occurs in the auricles. Hence as long as 
the propagation of contraction from the auricles is imperfectly carried on, 
the ventricular rate of beat lags behind the auricular rate. It is only 
when the transmission of the contraction occurs with unbroken regularity 


(as comes to pass after a short time) that an 1 identity of rhythm obtains 
in the auricles and ventricles. 
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The effects of vagus influence upon the propagation of the contraction 
between the auricles and the ventricles may be investigated from 
another standpoint, viz. in regard to the transmission of contraction in 
reversed fashion from ventricles to auricles during a period of inhibition. 
When a ventricular beat is artificially excited during vagus stimulation, 
it is commonly responded to by an auricular beat. -But a failure of such 
response is not very uncommon; the auricles fail to contract in sequence 
to the artificially excited ventricular beat (Pl. IX. Figs. 10 and 12): The 
interpretation of this phenomenon is, however, much more difficult than 
of those considered above. For the state of matters is complicated by 
the fact that in the condition now under consideration there obtains a 
marked diminution in the responsiveness of the auricles to direct 
excitation—as tested by the application of stimuli (e.g. single induction 
shocks) to their surface. Hence it may be suggested that a failure of the 
auricles to respond to a ventricular beat may be due not to a non-arrival 
of the contraction impulse at the auricles but to an inability of the 
contraction impulse to excite the depressed auricles to beat on its 
arrival. I do not assert that such is the entire reason of the failure of 
the auricular sequence, But the condition is obviously a more 
complicated one than those considered above and less fitted to afford any 
certain light on the state of the mechanism of propagation under vagus 
influence. Moreover, it seems to me to be hardly necessary to pursue 
the matter further, as the evidences of an interference (in certain 
circumstances) with the transmission of the contraction already advanced 
are to my mind of a very decided nature. _ 

The influence of vagus stimulation on the propagation of the 
contraction from auricles to ventricles appears to vary much. In the 
instances cited it is evidently of a very distinct and well-marked type— 
as evidenced by the failure of the excitable ventricles to respond to 
auricular beats of good strength. But such a powerful interference 
with the action of the mechanism of propagation does not always occur 
and indeed not even usually, as far as I have seen. Most frequently, | 
while the heart is inhibited through the vagus nerve, contraction of the 
auricles is followed by contraction of the ventricles and vice versa; at 
least when slowly recurring contractions are in question. This however 
is not a satisfactory test of the integrity of the function of propagation. 
For even if that function were markedly depressed, propagation might 
still occur in the case of very slowly-recurring contractions. For 
we know that in cold-blooded animals (tortoise), slowly recurring 
contractions often pass a “block” when quickly recurring contractions 
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fail to do so, Hence the application of a single excitation or of. a series 
of excitations repeated at abnormally long intervals is not a fair test of 
the condition of the mechanism of propagation. ‘When a series of 
contractions at the normal heart rate is excited during vagus 
stimulation I have often seen evidences of deficient propagation when 
contractions excited at long intervals are quite regularly propagated. 
It is by means of contractions induced at the normal rate, that one can 
gauge the efficiency of propagation; or by comparing the regularity of 
sequence during an artificially accelerated rhythm (a) in the un- 
inhibited state, and (b) during stimulation of the vagus nerve. The 
results I have obtained point decidedly to the conclusion that vagus 
stimulation can depress in marked degree the efficiency of the 
mechanism through which the process of contraction is transmitted 
from the auricles to the ventricles. There is a considerable variation 
as to the strength of the influence exercised by the vagus nerve in 
this direction. Sometimes that influence is a very pronounced one, 
manifested by very obvious changes in the cardiac sequence. In other 
instances theré is no clear proof of the action of the vagus upon the 
propagation of the contraction, but the probability is that in all cases 
the vagus nerve can produce some effect in the direction indicated. 


iY. 


On the incidence of the inhibitory effects of vagus stimulation upon 
the auricles and ventricles relatively. | 


On some occasions the manifestation of the inhibitory influence 
runs an approximately parallel course in the auricles and the ventricles. 
The depressing effects of vagus excitation begin at the same time in 
both; and they attain their maximum intensity at the same time in 
both—as is indicated by the contemporaneous changes in rhythm and 
contraction force shown by the tracings obtained. But very frequently 
the inhibitory changes do not run pari passu in the auricles and the 
ventricles. Commonly the auricles become affected by vagus influence 
earlier than the ventricles; whilst the change in rhythm is the same in 
both, the auricular contraction force is often affected much sooner and 
much more strongly than the ventricular force. This is often very 
apparent when there occur several beats between the beginning of 
the vagus stimulation; when the inhibitory influence is weak or is 
manifested very gradually, only bringing the heart to a standstill or 
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to a state of markedly slowed rhythm after a considerable interval 
(Pl. VIII. Figs. 3 and 9). Indeed it frequently happens that vagus stimula- 
tion causes a pronounced depression in the force of the auricular beats; 
whilst the ventricular action is quite as strong as the normal or even 
much stronger. The latter result—the occurrence of ventricular con- 
tractions of augmented strength—is dependent on the slowing of the 
rhythm, this change having occurred before any marked depressing 
influence had begun to affect the contraction force of the ventricular 
muscle. In a rapidly beating heart a simple slowing of the rhythm is 
usually attended by a great increase in the strength of the individual 
beats, provided there is no special force-depressing agency at work; 
the augmented power of the contractions depends on the fact that 
during the slowed rhythm the prolonged interval between the beats 
allows of a more complete recovery from the exhausting effects of the 
preceding beat and—up to a certain maximum—the accumulation of a 
greater amount of energy available for the next discharge (Pl. VIII. 
Figs. 1, 9). 
Such results are commonly seen when the medullary cardio- 
inhibitory centre is excited by an increase in the arterial pressure’ — 
in the head-and upper part of the body consequent upon clamping 
of the descending aorta. The auricular beats become strikingly en- 
feebled, while the ventricular contractions are still very large, much 
larger than before. Similar phenomena not infrequently attend weak 
stimulation of the vagus nerve in the neck; depression of the auricular 
contraction force distinctly precedes any depression in the ventricular 
beat—the latter being often much augmented in strength for some 
time after the auricular weakening has begun. I have seen a differ- 
ent order of. events, the ventricles becoming more readily and 
more strongly depressed than the auricles (Pl. IX. Figs. 10, 12). | 
The changes in the auricular and ventricular rhythm commonly 
run a parallel course under vagus influence; but not invariably so as 
has been already explained in reference to the effects of vagus excitation 
on the propagation of contraction from auricles to ventricles, Moreover 
in one or two animals (cats) I have seen a curious result on stimulating 
certain nerves that pass downwards to the heart over the front of the 
pulmonary artery; the auricles stood still while the ventricles went on 
beating—evidently in virtue of their independent rhythmic power 
which had not been inhibited by stimulation of the nerves in question. 
And on several occasions I have seen the auricular rhythm much more 
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affected than the ventricular rhythm. In some instances the ventricles 
beat twice as fast as the auricles during vagus stimulation. 

On a general view of the workings of the inhibitory influence upon 
the auricles and ventricles it is apparent that there is a general 
similarity in many respects; that the modifications of rhythm and 
contraction force bear a close resemblance in their character in both 
parts of the heart. But there is a very marked difference between the 
two in regard to the results of direct excitation during the inhibitory 
period. There is no change in the responsiveness of the ventricles to 
direct excitation at all comparable to what occurs in the auricles under 
strong vagus influence. Moreover the fact that vagus stimulation can 
check the rapid fluttering movement excited by faradisation in the 
auricles, while it is incapable of affecting the corresponding movement 
in the ventricles, presents a striking point of difference between the 
vagus function in the two cases. | | 
_ It may be concluded that the relation of the vagus nerve to the 
auricular muscle is not identical with that in which it stands towards 
the ventricular muscle. The functional relation of the vagus to the 
latter is not nearly so close and intimate as it is to the former; the 
condition and working of the auricular muscle are much more readily 
and more profoundly altered than are those of the ventricular muscle. 


V, 


On the influence of direct excitation of the heart in modifying the 
inhibitory effects of vagus stimulation. 


During a period of cardiac arrest the application of direct stimuli to 
the heart can exert a very important influence upon the nature and 
degree of the inhibitory manifestations. This is especially true with 
regard to the ventricles; the results in the case of the auricles though: 
apparently of the same nature are comparatively inconsiderable. Direct 
stimulation used in a certain way has the power not only of obviating 
the cessation of rhythmic beats, but also of counteracting in some 
measure the force-depressing results of vagus excitation and the changes 
in the form and duration of the ventricular curves already described. 

‘The most marked effects are produced when a periodic series of 
single stimuli are, during the period of inhibition, applied to the heart 
so as to set up a series of rhythmic beats at approximately the 
“normal” cardiac rate. This can be readily done by sending a 
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regular succession of induction shocks of suitable strength at thie 
desired rate into any part of the ventricular substance; or it often 
answers quite well to apply the stimulating shocks to the auricles, 
so as to excite the ventricles through the auricles.) When the heart 
has been markedly slowed or completely arrested through the vagus 
nerve the beneficial effect of such a mode of direct stimulation is very 
obvious. The strength of the ventricular beat undergoes a striking 
augmentation; at the same time the broadening and _ increased 
duration of the ventricular curves become removed. A single con- 
traction excited by a single shock during the period of inhibition is 
usually much reduced in force from the normal; the curve is also 
modified in shape as already described—the degree of modification 
varying according to the length of the pause preceding the beat. 
Similar features are presented by the first of a rhythmic series of 
beats following a considerable interval. But successive contractions 
excited at approximately normal intervals show very marked changes; 
they improve greatly in force and the curves lose the peculiar shape and 
duration obtaining in a curve which has followed a protracted interval 
(Pl. IX. Fig. 10). An artificially-excited series of beats occurring at 
one-half or one-third the normal rate shows an improvement as com- 
pared with beats occurring at longer intervals, but the improvement 
is not nearly so great as in the case of a succession of beats approxi- 
- mating to the normal rate of rhythm. The nearer the artificially- . 
excited contractions approach to the normal rhythm the more marked 
is the resemblance to the strength and character of normal beats. 
There is not a complete correspondence however; there can be seen 
to be a depression of contraction force present even in the case of 
contractions excited in regular series at the normal rate of beat 
obtaining in the heart before the beginning of the period of inhibition. 
The beneficial effects of a series of artificial excitations are still evident 
when the venw cave have been clamped prior to the commencement 
of the period of inhibition (Pl. IX. Fig. 11). Hence they cannot be 
explained by the increased arterial resistance which the successive 
beats lead to, or by changes in the conditions of the various cavities as 
regards distension with blood. A series of beats excited by direct 
stimulation of the heart during vagus stimulation causes a marked 
rise in the arterial pressure; but the normal height of pressure is not 
attained, as far as I have seen. The effects of a rhythmic series of 
induction shocks in opposing and in some measure counteracting the 
influence of vagus stimulation, are apparently not due to the passage of 
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the electrical current per se. The effects depend on the power of the 
induction shocks to excite contraction. Shocks just strong to cause a 
beat are as effective in opposing the vagus influence as are shocks of 
very much greater strength ; the results are evidently to the excitation 
of the ventricles not to the induction current per se. For if the latter 
were the case we should probably find that the modifying influence 
manifested upon the vagus effects would vary in some degree according 
to the strength of the current applied to the ventricles. Such is not the 
case, as I have already shown in a former paper’. Mechanical stimula- 
tion gives similar results. It is indeed quite obvious that it is the 
occurrence of contraction at or nearly at the normal rate of suc- 
cession that essentially tends to modify and diminish the inhibitory 
effects of vagus stimulation. , 


VI. 
On the latent period of vagus stimulation. 

The period that elapses from the moment an interrupted current is 
applied to the vagus nerve till standstill of the heart varies widely in 
its duration. Commonly, as is usually described, there occur one or 
two beats of the heart before the standstill occurs. But this rule is by 
no means a constant one. On many occasions I have observed a latent 
period of great length: a number of seconds intervening between the 
beginning of the vagus stimulation and the occurrence of cardiac 
standstill.: In one instance the recorded latent period was 24 seconds, 
during which time 5 beats occurred. Another tracing shows a latent 
period of 11 seconds with 22 beats; and in a third case I observed a 
latent period of 19 seconds with 31 beats. These are a few out of 
many instances. By the term “latent period” there is here meant 
the time intervening between (a) the application of the stimulating. 
current to the vagus nerve and (b) the stoppage of the heart. This 
however does not indicate the time elapsing between the beginning 
of the vagus stimulation and the beginning of its inhibitory effects 
on the heart, The vagus influence usually begins to manifest itself 
after one or at most a very few beats have intervened ; this is indicated 
by a slowing of the rhythm and a depression of the contraction force 
in both auricles and ventricles—though more marked as a rule in the 
auricles. The inhibitory influence goes on growing in power for a 
number of seconds, until at length it culminates in cardiac — 
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The occurrence of such long periods between vagus stimulation and 
arrest of the heart’s action I first observed in a hybernating hedgehog; 
since then in the hearts of many young and adult animals (cats). 

When the vagus nerve has been excited, the gradual manifestation 
of the full inhibitory power—its progressive increase for some time after 
it has begun to appear—is a feature which is abundantly illustrated by 
my graphic records.. The inhibitory influence exerted by vagus stimu- 
lation on the heart is not at its maximum when it first appears ; the 
inhibitory effect usually goes on increasing and becoming more profound 
until it arrives at a maximum. This is very readily apparent when the 
vagus stimulation causes not a speedy and complete standstill but a less 
profound effect—a marked slowing of the rhythm and a diminution in 
_ the strength of the beats. Neither the slowing nor the depression of 
contraction force arrives at its maximum at once; both changes go on 
increasing in intensity for a time (Pl. VIII. Figs. 4 and 5). | 

In those cases where complete arrest of the heart’s action occurs 
suddenly there are no slow spontaneous beats by which to estimate 
the intensity of the inhibitory change at different phases of the period 
of standstill. But even-then by the application of direct stimuli 
(e.g. single induction shocks) one can excite contractions at regular 
Intervals, and from those contractions one can gather indications as to 
the phase of cardiac standstill in which the inhibitory influence is most 
profound. The results so obtained are in agreement with rule already 
stated. Beats excited immediately after the beginning of the period of 
arrest are less reduced in force than beats excited somewhat later; the 
force-depressing inhibitory influence is not at its maximum at once, but 
goes on increasing in intensity for some time after the heart has stopped. 

The precise time at which the maximum inhibitory effect of vagus 
stimulation is attained varies. When the vagus acts powerfully on the 
heart, its maximum intensity is attained quickly ; when the vagus acts 
with diminished energy, the maximum is slowly reached. 

These results are in entire opposition to a statement that has been 
made regarding the point in question, viz., that the inhibitory effect of 
vagus stimulation in mammals is at a maximum on its first appearance, 
thus: constituting a point of difference from what occurs in the frog, 
where the inhibitory influence is gradually manifested. This assertion 
is obviously incorrect. Hundreds of tracings which I have made from 
the mammalian heart make it abundantly evident that the gradual rise 
of inhibitory power to a maximum is, in mamiels, one of the most 
constant features of vagus stimulation. 
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On the, strength of faradic current required to stimulate the vagus nerve. 

It has long been known that excitation of the vagus nerve in some 

mammals as well as in the frog necessitates the application of fairly 
strong stimuli. It has been regarded as an important character of — 
vagus function in mammals that strong irritation is required to 
excite it; and some weight has been attached to this consideration as 
bearing upon the nature of the inhibitory influence exercised by the 
vagus nerve and the relation of that nerve to the cardiac mechanism. 

_ But I find that among mammals this feature of vagus stimulation— 
the great relative strength of current required to excite the nerve—is 
by no means a constant or uniform character. In the dog and cat, the 
current used must indeed be a comparatively strong one as a rule; 
I have commonly found it necessary to employ the current obtained 
from a Du Bois induction machine with the secondary coil at about 
8 cm., or. even closer to the primary. Experimenting in the same 
way—as stated at the beginning of this paper—I find that in the 
guinea-pig an entirely different strength of stimulating current suffices. 
A current which is just strong enough to be felt when the electrodes 
are applied to one’s tongue, is usually quite effective in causing cardiac 
standstill. I have often used the current obtained from a Du Bois 
induction machine, with the secondary coil at 20 cm., one small Grennet 
being used in the primary circuit. And indeed, even weaker currents 
are often sufficient. Similarly in young rabbits I have found currents 
too weak to be felt on the tongue can readily stimulate the vagus 
nérve in the neck, and inhibit the heart's action. 


Vi 
On the effects of section of the vagus nerves. 
-Tt not unfrequently happens in the course of prolonged experiments 
(conducted in the manner stated at the beginning of this paper) that 
_ the medullary cardio-inhilitory mechanism ceases after a time to exert 
any influence on the cardiac action; there is no longer the normal tonic 
controlling power exercised by the siedail on the heart and rendering 
its rhythm considerably slower than it would otherwise be. The heart 
beats very rapidly in consequence of its release from the normal in- 
hibitory control. This: condition is very frequently due to an inactive 
or paralysed condition of the cardio-inhibitory centre in the medulla, 
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rather than to an actual paralysis of the vagus nerves or their termina- 
tions; the vagus commonly remains quite able to stop the heart, when 
the nerve is directly stimulated. The rapid cardiac action is due not 


to a loss of the functional capacity of the vagus, but to.a depression 


or abolition of the activity of the medullary centre which ordinarily 
keeps the vagus nerves in a state of slight excitation and so retards the 
rate of the heart’s rhythm. This change appears to be brought about 
through the agency of a variety of causes, When such a condition has 
been attained—when the heart has become freed from inhibitory con- 
trol and has in consequence attained a very rapid rate of action—it is 
obvious that section of the vagi will now fail. to be accompanied by the 
~ acceleration which results from that operation in more normal con- 
ditions of the animal. _Tracings of the cardiac action show that such is 
often the case; that when the heart’s action has already become very 
rapid (from the cause already referred to) section of the vagi leads to no 
further acceleration. Nor does the operation induce any marked change 
in the strength or character of the beats; the cardiac action seems to 
be little or not at all affected by section of the vagus nerves, 

On the other hand when operation of vagus section is sislianst 
early in the experiment, while the cardio-inhibitory centre in the 
medulla still exercises its controlling influence on the heart, the results 
are entirely different. For instead of being merely negative, the effects 
are very marked. In addition to the acceleration of rhythm which was 
long ago described as a result of vagus section, there occur very marked 
changes in the contraction force. And this change affects all parts of 
the heart—both ventricles and auricles. The augmentation in the 
strength of the beat is usually greater in the auricles than in the 
ventricles, but it is well marked in both. The change in the auricular 
energy is often very striking; the height of the curves may be doubled 
or trebled. When the auricular cavities have been gorged and their 
contractions feeble, the change is very remarkable; the beats rapidly 


gain immensely in energy as well as in rate, and ‘the _ gorging disap- 


pears. And similar changes—though less in extent—oceur in the 
ventricles; the systoles are more powerful than before and their 
efficiency—if previously impaired—becomes conspicuously evident. 
(These changes are very apparent in Pl. IX. Fig. 13.) 

When the vagi are intact the depressing influence exercised by the 
medullary cardio-inhibitory mechanism is often of a very powerful 
character. In these cases the afferent stimulation resulting from the 
operative procedure adopted possibly augments the activity of the 
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vagus centre ; but at the same time there are no reflex contractions of | 
muscles or other indications that — result from strong —— 
excitation. 

After the right vagus has been it the cardiac action may yet be 
kept in a depressed state by the vagus centre acting through the left 
vagus. In such circumstances section of the left vagus is followed by a 
striking improvement in the working of the heart—a very pronounced 
augmentation of both. rate and contraction force in auricles and 
ventricles. 

On the ewistence of a local inhibitory area in the heart. 

It is well known that inhibition can in many. cold-blooded animals 
be brought about by local stimulation of certain parts of the heart. 
There is the so-called “inhibitory centre” in the frog’s heart—a limited 
region on the dorsal aspect of the organ near the junction of the sinus 
venosus and auricles; the application of an interrupted current to this 
spot usually. leads to the occurrence of cardiac standstill even after the 
vagus nerves have been fatigued by prolonged stimulation, and after an 
amount of curara has been administered sufficient to render vagus — 
stimulation ineffective in stopping the heart’s action. It may be ques- 
tioned whether these results are due to the presence of a real local 
inhibitory centre in the frog’s heart; it may be alleged that what 
really occurs on stimulation of the area in question is a simultaneous 
stimulation of the inhibitory fibres of both vagi. But the action of 
curara and other poisons indicates that there must exist in this region 
certain structures very different in their physiological characters from 
those’ possessed by a simple prolongation of the ordinary inhibitory 
fibres occurring in the trunk of the vagus nerve. Whether or not the 
structures in question are of such.a nature as to justify their being 
termed a “local inhibitory centre,” it is evident that they present very 
marked and peculiar features in their behaviour towards certain poisons 
and towards the process of exhaustion; they remain active under the 
influence of drugs which annihilate the inhibitory power of: the vagus 
trunk, and in conditions where exhaustion has led to vagus stimulation 
— incapable of inducing cardiac standstill. 

In other cold-blooded animals besides the frog, stimulation of the 
sinus venosus causes arrest of the whole heart, e.g. in the eel and newt. 
Aan Ranvier’ has shown that stimulation of the right _— in the 
“2 Legons d’anat. Generale; Paris, 1880, 


in 
fe: 
Na 
OW 
iN 
q 
= 
5 
oe 
“4 


INHIBITION IN MAMMALIAN HEART. 381. 


isolated auricles of the tortoise inhibits the rhythmic beat, It is un- 
necessary to multiply examples; it is sufficient to recall the fact that a 
very common if not invariable feature in the physiology of the hearts 
of cold-blooded animals is the occurrence of cardiac standstill (involving 
the whole organ) as a result of local stimulation applied to certain 
definite and limited areas of the cardiac wall. 

In contrast to the inhibitory effects obtained by stimulating the 

_ areas alluded to, the effects of stimulating other parts of the cardiac 
tissue stand out sharply; they take the form of a very marked accelera- 
tion of the heart's action. 
7 In the mammalian heart (cat, dog, rabbit, hedgehog, rat 
&c.), I find that there exists a limited area stimulation of 
which readily leads to the manifestation of very marked in- 
hibitory effects, the nature and character of which I shall briefly 
state. These effects are seen whether the vagi are intact or cut; they 
are not dependent on any reflex influence conducted by the vagi to 
or from the medulla. 

In the hearts of the cat and dog the region in question is a narrow 
elongated area on the dorsal aspect of the auricles (see Fig. 19). It over- 
lies the inter-auricular septum, its long axis running parallel with the 
‘plane of the septum. Its lower extremity reaches nearly to the auriculo- 
ventricular groove ; it is bounded by the great cardiac vein lying in the 
auriculo-ventricular groove. From this part the inhibitory area stretches 
upwards along the line of the auricular septum for a distance which 
varies somewhat in different animals; in adult cats it generally is a 
distance of from half to three-quarters of an inch. Near the centre of 
the area there is often a little pocket-like depression ; at the right side 
of the area lies the termination of the inferior vena cava. . In some cats 
_I have found the region in question to be more circumscribed than I 
have just stated, and also higher up, i.e. farther removed from the 
auriculo-ventricular groove. In the dog’s heart the inhibitory area 
appears to be located much as in the cat. 

In the rabbit, hedgehog and rat the structure of the dorsal part of 
the auricles is somewhat different from that seen in the cat and dog, 
- The two venw cave superiores occupy a good deal of this surface, In-. 
hibitory effects are obtained in these animals by stimulating in the 
receding angle where the inner margins of those veins come into 
apposition. 

I have commonly used electrical stimulation for the purpose of 
exciting the inhibitory area; chemical stimulation with crystals: of 
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common salt appears to produce effects essentially similar in their 
nature, Having tilted forwards the apex of the heart just sufficiently 
to enable one to see the dorsal aspect of the auricles, I fix a pair of 
electrodes with their points upon the inhibitory area—at a distance of 
1—2 mm, from one another. A Pohl’s reverser is interposed between 
the electrodes and the secondary coil of the induction machine; thus it — 
is easy to send the current into the electrodes at pleasure, the moment 
of its application being recorded by an electrical signal placed in another 
primary circuit which is opened by the movement of the reverser. The 
effects of stimulation (with an interrupted current) in this area are very 
pronounced and constant. They stand out in marked contrast to the 
effects obtained by similar stimulation of the auricles at any other part. 

In the latter case, when an interrupted current of moderate strength 
is applied, say, to the right or left auricular appendix the results are 
purely of a stimulating nature—manifested by a very marked acceleration 
of the heart's action, an acceleration in which all the parts of the organ 
participate, though not equally. The auricles are thrown into a state 
of rapid fluttering action; and this movement continues during the 
passage of the exciting current and for a considerable time afterwards— 
the after-duration varying according to the excitability of the auricular 
tissue and the strength of the current employed. The individual 
contractions constituting the rapid fluttering auricular movement ‘are 
weak and slight, as might be expected. Meanwhile the ventricles beat 
rapidly; much more rapidly than usual, though their action is not nearly 
so rapid as is that of the auricles. The ventricular acceleration appears 
to be due to the propagation of a more rapid series of beats from the 
auricles. All the auricular contractions indeed are not transmitted to 
the ventricles; often not more than one-half or even less are transmitted ; 
but even such a proportion is sufficient to cause a very marked accelera- 
tion in the ventricular rate of beat. It is very possible that the 
weakness of the rapidly-recurring auricular contractions is an impor- 
tant factor in preventing a more complete propagation te the ventricles. 
The degree of acceleration that occurs varies considerably. In hearts 
beating at 140—180 per minute, stimulation of the auricular appendix 
often causes the auricular rate to rise as high as 500—600 per minute ; 
meanwhile the ventricular rhythm may have a rapidity of from 200 to 
300 per minute or even higher (Pl. IX. Fig. 14). 

When the inhibitory area is stimulated the results are strikingly 
different in certain respects from those just described as occurring in 
response to stimulation of the appendices or other parts of the auricular 
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walls. The usual results following stimulation of the inhibitory area 
are as follows :—The auricles are thrown into rapid fluttering movement 
much resembling that obtained by excitation of other parts of the 
auricular surface. At the same time the ventricles stand still in 
diastole, and fill up with blood. This lasts for a considerable time 
while the rapid fluttering auricular action continues—stimulation of 
the inhibitory area being kept up (Pl. IX. Fig. 15). Then after a time 
the ventricles give a beat and after a long diastolic interval another 
beat, and so on in slow rhythmic succession, the inhibitory area being 
still under stimulation. Meanwhile the rapid auricular movement may 
have become somewhat slower and the individual contractions stronger 
and more extensive ; often however the auricular contraction continues 
to be very rapid and very feeble as long as the current is applied, and 
indeed for some time after. Stimulation of the inhibitory area being 
now discontinued, the auricles as a rule soon come to a state of rest; 
then after a pause they beat in the ordinary fashion and lead off the 
ventricular action at pretty nearly the normal rhythm (Pl. IX. Fig. 15). 
The duration of the ventricular standstill caused by stimulation of the 
inhibitory area varies considerably; it usually extends over many 
seconds, even when the stimulating current is a weak one. I have 
often seen it last so long as to lead to the occurrence of asphyxial 
convulsions, micturition, &c. 

It is evident that stimulation of the area in question gives results of 
a mixed character—phenomena of excitement in the auricles, and 
phenomena of inhibition in the ventricles. The change in the auricles 
is no doubt caused by an escape of the stimulating current to the 
irritable auricular tissue ; the rapid fluttering action is a result of the 
application of the interrupted current, just as similar acceleration is 
caused by interrupted currents acting upon the appendix or any other 
part of the auricular wall. The ventricular inhibition is a consequence 
of the excitation of certain inhibitory structures located in the area in 
question. 

It might be suggested that perhaps the ventricular standstill is due 
to the state of the auricles—that the ventricles stop beating in conse- 
quence of the absence of the normal energetic auricular contractions to 
lead them off. For though the auricles are still acting, the individual 
contractions constituting the rapid fluttering movement are very feeble ; 
they are insufficient to discharge the blood or to prevent the auricular 
chambers becoming distended. Now it might be regarded as possible ~ 
that these very rapid and feeble contractions might fail to be propagated 
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to the ventricles, and hence that a standstill of the latter might be due 
to this cause; the ventricular stoppage being simply a passive result of 
the absence of auricular beats strong enough to be transmitted to the 
ventricles, Gaskell’ showed in the heart of the tortoise that the rate 
at which one contraction succeeds another is an important factor in 
regard to the possible passage of the contraction over an incipient 
“block”; rapidly recurring contractions fail to pass while slowly 
recurring contractions do pass. And in the case of the eel’s heart’ 
I adduced evidence to show that the strength of a contraction also 
plays an important part in determining its passage across a partial 
block ; a strong contraction passes when a weak one fails. 

But in the condition now under consideration in the mammalian 
heart such a hypothesis does not meet the case. For, in the first place, 
there is a considerable amount of evidence to show that the inherent 
spontaneous rhythmic power of the ventricles is too high to admit of 
anything but a very brief standstill simply as a passive result of the 
absence of the auricular beats that normally lead off the ventricular 
contraction. | 

In the second place, there is the fact that a rapid fluttering 
auricular action induced by faradisation of other parts than the 
inhibitory area is not. accompanied by: a ventricular standstill, but on 
the contrary by a markedly accelerated ventricular rhythm. And yet 
in this case as when the inhibitory area is stimulated, the individual 
auricular contractions follow one another with great rapidity and are 
very feeble. It is evident that rapid and feeble auricular action is not 
of itself sufficient to bring about a cessation of the ventricular beat. 

Thirdly, it not infrequently happens that ventricular standstill 
occurs when the auricular action is not much accelerated by the 
stimulating current, and when the individual beats are of good strength 
_ (PL IX. Fig. 15). When the auricular excitability is lowered stimulation 
of the inhibitory area with an interrupted current often fails to throw 
the auricles into the characteristic fluttering movement; the rhythm 
remains little increased and the individual beats are of good strength ; 
yet ventricular standstill takes place. Similarly when stimulation of 
the inhibitory area is kept up for a considerable time, the auricles often 
recover from the state of rapid fluttering movement—the beats occurring 
at approximately the normal rate and being of good strength—while the 
ventricles still fail to beat, or only beat once for every two or three con- 
tractions of the auricles (Pl. IX. Fig. 15). Here the ventricles remain 

1 This Journal, Vol. rv. 2 Ibid. Vol, vr, 
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quiescent despite the occurrence of strong auricular beats, so strong 
indeed that a visible dilatation of the ventricles is caused by the blood 
forced into them by each auricular contraction (Pl. IX. Figs. 16, 17). 

It is obvious that ventricular standstill during stimulation of the 
inhibitory area is dependent on some cause beyond the mere change in 
the rate and force of the auricular contraction. It is obvious that there 
is some special influence at work bringing about an arrest of the ventri- 
cular rhythm. | 

Fourthly. There is proof that stimulation of the inhibitory area 
induces changes in the behaviour of the ventricular muscle that cannot 
be regarded as simple results of an altered mode of auricular contraction. 
A graphic record of the cardiac condition during stimulation of the 
inhibitory area shows that the features of the ventricular inhibition 
are essentially similar to those obtaining during excitation of the vagus 
nerve. In addition to the slowing or arrest of the rhythm there is a 
marked change in the contraction force of the ventricular muscle. The 
recommencing beats occurring after a period of standstill are usually 
weakened. Beats excited by direct stimulation (e.g. single induction 
shocks) during the period of standstill are of less force than normal 
beats. In this respect the same general results hold as in the case of 
vagus stimulation. | 

When a series of contractions is excited at approximately the normal 
rate during the period of arrest, the individual beats are usually stronger 
than the spontaneous recommencing beats, though still weaker than 
normal beats. | 

When stimulation of the inhibitory area causes ventricular slowing 
instead of complete standstill, the diminution in the contraction force is 
usually well marked (Pl. IX. Fig. 17). As in the case of vagus 
inhibition the degree of weakening bears no constant relation to the 
length of the pause preceding the beat. The reduction in contrac- 
tion force is often great while the slowing is comparatively slight; 
and on the other hand the contraction force may be little affected, 
while the rhythm is much depressed (Pl. IX. Fig. 15, second stimu- 

lation). 

The same broadening and elongation of the ventricular curves as 
occur during vagus stimulation may also be seen in the slow ventricular 
beats occurring during or immediately after stimulation of the inhibi- 
tory area. 

Moreover, an interference with the propagation of contraction from 
auricles to ventricles (similar to that brought about by the vagus) 
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is indicated in those instances where auricular contractions of good 
strength fail to be transmitted to the ventricles. 
It may in short be stated that stimulation of the inhibitory area 
reproduces in the ventricles all the changes resulting from stimulation 
of the vagus nerve in the neck. 


X. 
On the relations of the inhibitory area and the vagus nerve. 


The phenomena resulting from stimulation of the inhibitory area 
may be in some measure imitated by stimulation of the vagus nerve 
whilst an interrupted current of suitable strength is kept applied to the 
auricular appendix (or any part of the auricular wall other than the 
inhibitory area). By such means I have on some occasions been able to 
bring about a cardiac condition resembling to a considerable extent that 
caused by stimulation of the inhibitory area—a ventricular standstill 
‘accompanied by a rapid quivering action of the auricles. This result 
however is by no means an invariable one; the ventricles sometimes go 
on beating in spite of the vagus stimulation, the simultaneous excitation 
of the auricles (setting up a rapid fluttering movement) seeming to 
interfere with the complete standstill which is ordinarily brought about 
by vagus stimulation unaccompanied by a simultaneous faradisation of 
the auricular surface. 

_ In some instances however the condition induced by simultaneous 
excitation of the vagus and of the auricular appendix bears a considerable 
_ resemblance to what obtains when the inhibitory area is stimulated. 
Hence there arises the consideration—Does stimulation of the inhibitory 
area simply mean stimulation of some of the inhibitory fibres of the 
vagus (especially those affecting the ventricles); and at the same time 
an excitation of the neighbouring irritable auricular tissue by an escape 
of the interrupted current, employed? There is every reason to believe 
that the latter hypothesis is correct—that the rapid auricular movement 
is a result of the influence of the stimulating current upon the auricular 
tissue ; a similar effect is produced by the application of an interrupted 
current to any part of the auricular wall. ; 

But the case is different with the first hypothesis—that the ventri- 
cular standstill is simply a result of the excitation of some or all 
of the ordinary vagus inhibitory fibres that control the movements of 
the ventricles; perhaps the fibres of both vagi stimulated at a favourable 
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point after they have entered the heart. In accordance with such a 
hypothesis there is the fact that in some conditions the length of the 
ventricular standstill brought about by stimulation of the inhibitory 
area is much of the same duration as that induced by powerful stimula- 
tion of the vagi in the neck. Further, there is the fact that in some 
rare instances where vagus stimulation was found to be ineffective 
in arresting the heart beat, stimulation of the inhibitory area was 
also ineffective in bringing about a ventricular standstill. And the 
administration of atropin removes the inhibitory power -_ of the 
vagi and of the inhibitory area. 

But on the other hand there is evidence showing that in the 
inhibitory area we have to deal with inhibitory structures that are not 
at all identical with ordinary inhibitory fibres as they occur in the 
trunk of the nerve. 

(1) The strength of iatooranied current required to induce ventri- 
cular standstill when applied to the inhibitory area is entirely different 
from the strength of-current necessary to bring about a similar result 
through the vagi. A very much weaker current suffices in the case of 
the inhibitory area; such a current as is entirely ineffective when applied 
to the right or left vagus trunk or to both nerves simultaneously. 
As is well known, tolerably strong currents are required for vagus 
stimulation in the cat and dog. I have frequently found it necessary 
to apply to the vagus such a current as is obtained from a Du Bois 
induction machine (one Daniell’s cell in the primary circuit) with the 
secondary coil at 8 cm., 6 cm. or even closer to the primary. 

On the other hand a very weak current is usually sufficient to excite 
the inhibitory area, such a current as is obtained with the secondary 
coil at 14 cm., 16 cm. or even higher figures. Indeed, an interrupted 
current just strong enough to be distinctly felt on the tongue is 
commonly effective when applied to the inhibitory area ; when the same 
current is applied to the vagus nerve in the neck for purposes of com- 
parison I have usually seen no inhibitory result whatever. In the 
rabbit, rat, and hedgehog I have also observed a very striking difference 
in the strength of current required to excite the local area in the heart 
as compared with that necessary for efficient vagus stimulation. 

It is obvious that in stimulating the inhibitory area we are dealing 
with structures that are very different in their excitability from the in- 
hibitory fibres that run in the trunk of the vagus nerve. 

(2) Stimulation of the inhibitory area is effective after the admini- 
stration of such an amount of curara as renders vagus stimulation 
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entirely unable to slow or stop the heart, I have usually found a ahi 
of 2 centigrammes of curara to be followed by a complete abolition of 
the inhibitory effects of vagus stimulation in cats. In this condition, 
excitation of the inhibitory area still produces the characteristic results 
-—auricular fluttering plus ventricular slowing or standstill. Frequently 
a somewhat stronger current than usual is necessary in order to bring 
about the ventricular inhibition ; still the contrast between the inhibi- 
tory area and the vagus nerve stands out, for the most powerful currents 
now fail to produce inhibition through the vagus (Pl. IX. Fig. 18). It is 
apparent then that the relation of the inhibitory area towards the action | 
of curara is entirely different from the relation of the vagus nerve to 
that poison. This state of matters presents an interesting parallel to 
what holds good in the heart of the frog. 

(3) In many instances where the vagus nerves have become ex- 
_ hausted or have lost their inhibitory power from more indefinite causes, 
stimulation of the inhibitory area remains quite effective in slowing or 
stopping the ventricular beat. In the course of a long experiment 
(apart from the administration of atropin, curara, or such poisons) it is 
not very uncommon to find that vagus stimulation no longer exerts any 
marked inhibitory effect on the cardiac rhythm; in these circumstances 
I have almost invariably found that the ventricles could still be mark- 
edly slowed or brought to a standstill by the application of an inter- 
rupted current to the inhibitory area. 

Hence it seems reasonable to conclude that the inhibitory area 
contains structures of a special nature differing entirely from the vagus 
nerve in regard to their excitability, their relation to some poisons, and 
to certain other influences. 

At the same time the vagus fibres appear to stand in very close 
relation with the structures in or near to the inhibitory area. The 
paths along which inhibitory impulses descending the vagi pass to their 
destination seem to lie on the dorsal aspect of the auricles, near the 
middle or septal part of that aspect—through the inhibitory area or 
some adjacent channels. The important structures of the inhibitory 
area appear to be comparatively superficial; they are almost imme- 
diately paralysed by the application to the surface of a 4°/, solution of 
Cocaine Hydrochlorate. After such an application, stimulation of the 
inhibitory area entirely fails to induce any ventricular arrest; and, as 
far as I have seen, vagus — in these circumstances is aimnflaaty 
ineffective. 


The inhibitory area ice not contain a motor centre for 
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the heart. This is rendered plain by the fact that after the important 
structures of the area have been paralysed by the direct application of 
cocaine or of strong ammonia, the spontaneous rhythm of the heart 
remains unimpaired ; the rhythm indeed, as has already been described, — 
originates in parts some distance removed from the inhibitory area, viz. 
in the ostial parts of the veins’. Nor is the propagation of the con- 
traction over the walls of the different chambers or from one portion of 
the heart to another at all interfered with by paralysis of the inhibitory 
area. 

The region in question appears not to be directly instrumental in 
maintaining either the spontaneous rhythmic discharge of energy in the 
heart or the regular transmission of the contraction throughout the 
organ. It contains, as has been already stated, many nerve cells and 
ganglia; it has numerous nervous connections establishing a close 
relation with both auricles and ventricles, probably with all parts of the 
heart. It contains structures forming a local mechanism to which in 
all probability vagus fibres pass and so come into intimate relation with 
the general cardiac mechanism. 

I have already described the influence of gentle heat applied to 
the ostial part of the vena cava superior in causing a marked accelera- 
tion of the rhythm of the whole heart. As a result of sudden and 
considerable heating of the same region applied by bringing a hot 
galvano-cautery near it—I have seen a pronounced effect on the ventri- 
cular rhythm—a marked slowing of the ventricular rate of beat, accom- 
panied by a certain increase in the duration of the individual curves. 
The auricular action at the same time is rapid and frequently irregular. 


XI. 


On the inhibitory effects of direct stimulation in the terminal parts of the 
great veins and the auricles, under certain abnormal conditions. 


In an intact and vigorous heart the application of an interrupted 
current to the auricles or to the ostial parts of the great veins causes a 
very marked acceleration of the rhythmic contraction; the degree of 
acceleration varies according to the excitability of the tissue stimulated 
and the nature of the current employed. 

But in certain cardiac conditions the result of stimulation with | 


1 Vide, This Journal, Vol. rx. 
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interrupted currents is of a very different and indeed an opposite | 
character from that just mentioned. Instead of acceleration there 
occurs an inhibition of the rhythm. Such a changed result is often seen 
in the dying heart. I have noticed it in cases of approaching death, 
from asphyxia, from gradual exhaustion and from overdoses of chloral 
&c. When the process of cardiac failure has advanced to such a stage 
that the regular sequence of the ventricular beat upon the auricular 
beat has ceased, rhythmic contraction may still be seen in the ostial 
parts of the great veins and in the auricles. The contractions are 
propagated over the auricular wall more slowly than normal; they can 
be seen passing in wave-like fashion over the auricular surface. It may 
often be found that the application of an interrupted current instead of 
accelerating the rhythmic action, causes a complete arrest of contractile 
activity in the part through which the current is passed; this standstill 
often lasts for many seconds after the current has been discontinued. 
When the part inhibited in this way happens to be the dominant part 
which has been leading off the contraction of the other parts, then 
instead of a simple standstill merely affecting the part directly 
stimulated, there will be in addition to this a standstill of the whole 
contracting tissue—in consequence of the arrest of the dominant or 
leading part. The precise situation of the dominant part varies in such 
cardiac conditions as those now under consideration ; it is usually near 
the termination of one or other of the veins. Stimulation of any part 
other than the dominant region gives simply a local inhibition—an 
arrest of the part through which the current is being passed. In 
favourable circumstances any part of the auricles can be rendered 
quiescent in this way while the adjacent parts continue to beat 
regularly. Either the right or the left auricular appendix may be 
readily thrown out of action whilst the rest of the auricular wall is 
traversed by the rhythmic contraction as before. The stimulated area 
stands still in a state of relaxation. 

As far as my experience goes behaviour of the ventricles of the 
dying heart in this respect seems to be entirely different from what I 
have just described in the auricles and venous terminations. I have 
never seen a similar inhibitory effect brought about by an interrupted 
current in the ventricles. 

These phenomena of direct local inhibition occurring—in certain 
abnormal conditions—in the mammalian heart are a striking reproduc- 
tion of what holds as a constant and: regular result in the hearts of 
certain lower vertebrates. I found some years ago that local inhibition 
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is readily induced in the intact auricle of the eel’s heart’ by the 
application of interrupted currents ;. that any part of the auricle can— 
by the passage of an interrupted current through it—be inhibited 
while the rest of the auricle goes on beating. Subsequently I showed 
that a similar effect can be brought about by the same means in any 
part of the newt’s heart*. And Wesley Mills has added some results 
of a corresponding nature in regard to the heart of Menobranchus.’ 

The phenomena of direct inhibition in the mammalian heart show 
a reversion—in abnormal circumstances—to a physiological type — 
normally obtaining in the hearts of certain lower vertebrate forms. 
Moreover they illustrate the manner in which the behaviour of the 
cardiac tissue towards stimulation varies according to the condition of 
the tissue at the time; an interrupted current at one time (in the 
ordinary or approximately normal state) acts as a powerful stimulant, 
exciting a greatly increased rapidity of rhythmic action, while at 
another time the same current instead of causing any acceleration 
brings about a complete suspension of the rhythm already present. 

When working with the eel’s heart, I had already been struck with 
the degree in which the results of direct stimulation vary with the | 
condition of the tissue. For in the intact heart, when the auricle was 
beating in response to the lead of the dominant sinus, a very weak 
interrupted current was sufficient to give the local inhibition already 
referred to; on the other hand when the auricle had been isolated and 
was beating automatically in virtue of its own inherent rhythm, the 
same current was entirely ineffective in arresting the rhythm. Not 
only so, but even very powerful currents were frequently found to be 
similarly ineffective as far as rhythm was concerned. The relation of 
the tissue to interrupted currents was entirely different in the isolated 
automatically-contracting auricle from what it was in the same auricle 
beating in response to the dominant sinus of an intact heart. The 
altered functional condition of the tissue was accompanied by a marked 
change in its relation to stimulating currents. 

Ringer‘, experimenting on the frog’s heart, describes a peculiar 
change in the relation of the cardiac tissue to interrupted currents 
under the influence of potash. He finds that at a certain phase of 
potash poisoning the application to the rhythmically-contracting ven- 


1 This Journal, Vol. v1. Proceedings of the Physiological Society, Dec., 1883. 
2 Proceedings of the Physiological Society, 1885, No. u. 

8 This Journal, Vol. vu. 

4 This Journal, Vol. 11. 
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tricle of a faradic current—which in the unpoisoned heart causes 
marked acceleration—often results not in an acceleration of the rhythm 
but an actual suppression of the rhythmic beats already going on. 

Again, in the case of the cat’s heart, I performed some. experiments 
when the normal circulation had been arrested, and the organ was 
artificially fed with a stream of ox blood (one part ox blood to two 
parts of 2 °/, salt solution) sent into the coronary arteries at approxi- 
mately normal pressure and temperature; the nervous connections 
were left intact. On several occasions I found that stimulation of the 
right vagus nerve in the neck—instead of causing the characteristic 
inhibitory effects—led to the occurrence of a rapid fluttering auricular 
action which continued for some little time after the vagus stimulation 
was discontinued. This result was got several times in succession on 
again stimulating the nerve; it was of a character strikingly opposite 
to what normally occurs. 

Those features in the behaviour of the cardiac mechanism towards 
stimulation and the manner in which the results of stimulation vary 
according to the state of the tissue at the time—at one time a marked 
acceleration, at another time a complete standstill—recal many similar 
phenomena in the central nervous system. We are familiar with 
numerous examples in the working of nerve centres, where an afferent 
impulse at one time leads to the discharge of a reflex action, while at 
another time a similar afferent impulse causes the suppression or 
inhibition of a reflex manifestation; the effect of the afferent impulse 
varies in large measure according to the conditions obtaining in the 
central mechanism at that particular moment. 


EXPLANATION OF. FIGURES. 
(Puates VIII. anp IX.). 


All the tracings are to be read from left to right except where otherwise 
specified. The time trace in all cases indicates half-seconds. 

In the auricular tracings the downward movement signifies contraction ; 
in the ventricular tracings the upward movement signifies contraction, 
usually. 

All the tracings have been taken from the cat’s heart with the exception 
of a few from the rabbit—these are specially mentioned. 

Fig. 1. Rabbit. Tracings from auricles and ventricles obtained by 
Method No. |, slight stimulation of right vagus. 
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Fig. 2. Rabbit. Same method as in Fig. 1. Somewhat stronger stimu- 
lation of right vagus. : 3 | 

Fig. 3. Method No. 2. R. vagus stimulation begun at point marked | 
and discontinued at point marked}. A group of contractions (1) occurring 
during the inhibitory period in response to single induction shocks applied to 
the ventricular surface ; reduced force both in auricles and ventricles. 

Fig. 4. Method No. 3. Shows effects of clamping ven cave and sub- 
sequent stimulation of right vagus (twice). 

Fig. 5. Method No, 3. Ventricular tracing, showing effects of stimula- 
tion of R. vagus, downward movement indicates contraction. 

Simultaneous tracing of blood-pressure from left carotid artery. 

Fig. 6. Method No. 3. Ventricular tracing, R. vagus. , 

Fig. 7. Method No. 2. R. vagus, groups of contractions (1), (2), (3) 
excited during inhibitory period by induction shocks applied to the ventri- 
cles, Beats in Group (1) are much reduced in force without being much 
elongated. Recommencing beats occurring after period of standstill are 
markedly elongated while not greatly weakened. 

Fig. 8. Method No. 1. Clamping of vene cave. Stimulation of L. 
vagus. One group of artificially-excited contractions during the period of 
vagus stimulation. 

Fig. 9. Method No. 2. Effect on auricular force is well-marked hefore 
there is any diminution and indeed when in the ventricles there is an 
augmentation of force—attendant on the slowing of the rhythm. The recom- 
mencing ventricular beats are changed in shape and duration while they are 
also weakened. Very soon after the recommencement of the heart’s action 
(after the inhibitory standstill) the auricles went into rapid fluttering action; 
this was accompanied by an accelerated and consequently enfeebled series of 
ventricular contractions—though the veutricular rate did not keep pace with 
that of the auricles. 

Fig. 10. Method No. 3. R. vagus. Groups of contractions (1), (2), (3) 
excited by direct stimulation of ventricles during period of inhibition. The 
successive beats in these groups do not show an increased duration. The 
auricles do not respond to every ventricular contraction ; nor the ventricles 
to every auricular contraction. 

Fig. 11. Method No. 3. Stimulation of right vagus after the vene 
cave had been clamped. Groups of contractions (1), (2), (3), (4) excited 
during the inhibitory period by induction shocks sent into the ventricles. 

Fig. 12. Method No. 3. R. vagus. A group (1) of artificially-excited 
beats during the period of inhibition. Failure of ventricles to respond to 
some strong auricular contractions and vice versa. 


Fig. 13. Tracing of auricles and ventricles, obtained as in Fig. 22, Right 
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and left vagi cut (at the points marked with an arrow | ) while the medullary 
cardio-inhibitory mechanism retained its control over the heart. Gradual and 
marked increase in contraction force of both auricles and ventricles; especially 
striking in the case of the auricles. | ee. 

Fig. 14. Tracing from ventricles of cat’s heart; pince cardiographique 
used ; downward movement =contraction ; an interrupted current was applied 
to the right auricular appendix at the point marked | and discontinued at the 
point marked }. The ventricular rhythm is much accelerated during and for 
some time after the stimulation of the appendix; at the same time the indi- 
vidual ventricular beats are much diminished in size. 


Fig. 15. Tracing of auricles and ventricles (cat), showing effects of stimy- 
lation of inhibitory area (twice) with a weak faradic current. The auricular 
tracing was obtained by attaching a thread to the right auricular appendix 
and connecting it with transmission tambours. Downward movement indicates - 
contraction. The ventricular action was registered by means of the Float 
Cardiograph. Upward movement indicates contraction. The upper line shows 
the periods during which the stimulating current was applied. The auricular 
action is seen to be accelerated, the rapid individual beats being weakened. 
At some places the auricular contractions are not much accelerated and there 
they are tolerably strong. The ventricular beats are markedly slowed, and at 
the same time diminished in force. It will be seen that in some instances the 
ventricles fail to respond even to strong auricular beats. 


Fig. 16. Tracings of auricles and ventricles showing effects of stimulation 
of inhibitory area with weak current. Current applied at point marked | and 
discontinued at point marked}. Auricles recorded as in Fig. 28, ventricles 
by pince cardiographique. Downward movement indicates contraction both 
in auricular and ventricular tracings. In the early part of the inhibition the 
ventricles fail to respond to auricular contractions which are energetic enough 
to cause a distinct oscillation in the ventricular trace—on account of the 
blood forced into the ventricles by the auricular beats. The slowly occurring 
ventricular curves are elongated. 


Fig. 17. Ventricular trace ; pince cardiographique (upward movement = 
contraction). The lowest line shows the period during which the inhibitory 
area was stimulated with a weak faradic current. 

The maximum inhibitory effect is seen to be attained gradually. There 
is a great depression in the force of the slowly-occurring beats ; the depression 
does not run parallel with the degree of slowing. The slowly-occurring curves 
are of longer duration, and they are broader at the upper part than normal 
curves. The beats are diminished in size and somewhat accelerated for some 
seconds after the inhibitory stimulation has been discontinued. 


Fig. 18. Ventricular tracing ; pince cardiographique (upward movement 
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= contraction). The first change in the uppermost line indicates stimulation 
of the right vagus in the neck with a powerful current (coil at 0) after the 
administration of curara; the second upward movement indicates stimulation 
of the inhibitory area with a moderate current. (At the point et S 
there was a stoppage of the recording drum.) 


Fig. 19. Posterior aspect of cat's heart, showing the usual position of the 
inhibitory area—indicated by shaded part, : 


L. Au. Left Auricle. 

R. Au. Right Auricle. 

V. C. I. Vena cava inferior. 
P.V, P.V. Pulmonary veins. 
C. S. Coronary Sinus. 
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ON THE NORMAL DURATION AND SIGNIFICANCE 
OF THE “LATENT PERIOD OF EXCITATION ” IN 
MUSCLE-CONTRACTION. By GERALD F. YEO, MD., 
Professor of Physiology in King’s College, London. neues 


EaRLy in the year 1859 the duration and importance of the latent 
period of excitation of muscle were first called into question by Harless’. 
He thought that the delay in the visible expression of the movement 
might be due to the time required for its transmission from the muscle 
to the lever and to the friction of the writing point used in the Graphic 
method, “In this method”, he says, “all the conditions are present . 
which tend to delay the visible movement of the lever, and the graphic 
record of this delay might partly or completely take the place of the 
expression of the latent period”. “It could not be well expected”, he 
adds, “that there should be absolutely no period of latent excitation, 
for we do not know of any visible motion of a ponderable object 
whose velocity is comparable with that of Electricity.” 

This plainly amounted to discrediting the latent period in the sense 
of Helmholtz* who said “ dass erst eine Zeit nach der Reizung vergeht, 
ehe die Energie des Muskels iiberhaupt zu steigen anfingt”*. In order 
to settle the question Harless measured the latency by a new method, 
a “Fallmyographion”, which he considered to be free from the delays of 
the ordinary graphic method and from the elaborate and costly electric 
arrangements of Pouillet used by Helmholtz. He failed however to 
lessen the delay with the new method, and found the duration of the 
latency to be 0187”, that is to say more than twice as long as was given 
by Helmholtz (0073”) as the shortest for unweighted muscles. 

Helmholtz was satisfied with discovering the fact that a period of 
latency occurred after the muscle was excited, and seems to offer no 
detailed explanation of how the time was occupied. Some time was 
necessary, he thought, for enough energy to be set free in the muscle to 


1 Sitzunysberichte d. Kgl. bayerisch. Acad, d. Wissensch. Miinchen, 1860, 8. 625—634, 
2 Miiller’s Archiv f. Anat, und Physiol., 1850, 8, 308, 
31. c. p. 308, 
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visibly alter its elastic tension. Since the researches of von Bezolt’, 
Bernstein’, &c. it has been generally accepted that this “lost time” 
corresponded with that required for the molecular changes, when once 
initiated, to reach visible expression in mechanical effect. In short, that 
it was “a period during which invisible preparatory changes take place”®, 
and it therefore formed an essential phase in the contraction of muscle. 

For many years the duration of the period was generally accepted to 
be about ;},th ofa second for the skeletal muscle of the-Frog, although 
shorter periods had been recorded by Fick, Place, Briicke and | 
others. 

Prompted by the relatively short duration of the period preceding 
the electrical changes, and by the rapid rate of the wave of excitation, - 
Gad* surmised that the “ mechanical latent period” of the individual 
muscular elements must be much shorter than that recorded by the 
entire muscle, and he suggested that it was rather comparable with the 
“electric latent period”. He explains the long latency commonly 
observed to precede the contraction of the entire muscle, by supposing 
that the elements in the several sections of the muscles as they 
successively become contracted, stretch that part of the muscle which 
has not yet contracted, so that no general shortening of the muscle as a 
whole can be observed until a certain large proportion of the elements | 
are in a state of activity. 

He sums up by stating—‘(1) That a weighted muscle, when 
shortening, exercises increased traction on its point of attachment. 
(2) That some portions of the muscle are thus stretched before they have 
begun to contract. (3) That the mechanical latent period of the entire 
muscle is therefore greater than that of the muscle elements. (4) That 
the shortest latent period (which is obtained by stretching the muscle 
with springs the coefficient of extension of which exceeds that of the 
muscle) comes nearest to the true value of the latent period of the 
_ muscle-element. (5) The mechanical latent period of the muscle- 
elements cannot be more than ‘004”.” ~~ 
_.  Mendelssohn’® repeated many of Gad’s experiments but failed to 

obtain confirmatory results. While admitting that a close relationship 
must exist between the latent period and the elastic state of the muscle 

1 Untersuchungen ti, d. electrische Erregung d, Nerven u. Muskeln, Leipzig, 1861. 

2 Untersuchungen ti. d. Erregungsvorgang im Nerven- und Muskelsysteme, Heidelberg, 
1871. 
3 Textbook of Physiology, Foster, 1883, p. 46. 

* Arch. f. Anat. und Physiol. 1879, s, 250, 
5 Travaux du Laboratoire de M. Marey IV. p. 115. 
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he says, “ Cependant, nous ne pouvons pas saisir la loi du rapport que 
nous croyons exister entre les variations du temps perdu du muscle et 
celles de son élasticité”. 

Tigerstedt’ follows the same train of thought as Gad and concludes 
“that the mechanical latency of the muscle-elements has a duration of 
the same order as the negative variation, i.e. not longer than ‘001”.” In 
short, he thinks that the latent period usually recorded is merely a 
delay in the recognition of the mechanical effect dependent upon the 
conditions under which the muscle acts and on the method of recording 
the contraction, but that it is not really a phase of preparatory molecular 
change essential to the muscle-contraction. He denies that the strength 
of the stimulus or the degree of extension has any effect on the duration 
of the latency, and he explains its constant duration by supposing it to 
be occupied in the transmission of the wave of excitation over a certain 
extent of the muscle-tissue which must be in a state of: activity before 
visible contraction results. He also considers the latency to be in 


_ reality shorter (‘005”) than that commonly recorded. 


In a comparatively recent paper Emerich Nagy v. Regéczy* 
confirms the views of Gad and Tigerstedt. Having repeated Gad’s 
experiments he says “the existence of the latent period of muscle is to 
be regarded as resulting from the initial stretching of the muscle, and 
without this initial stretching of the muscle no period of latent excitation 
would exist and the contraction would begin at once at the moment of 
stimulation”.* The greater length of latency found with increased 
Ueberlastung he explains by the increase of the initial stretching. The 
shorter latency following stronger stimulation he says depends on the 
more rapid summation of greater instalments of energy. 

By stimulating alternately the middle and the two ends of the 
muscle he caused the wave of excitation (Hrregungswelle) to travel 
through it in both directions and to give a shorter latency. He 
stimulated in several places at once and obtained some very short 
records of the latent period, and believes that it may be made still 
shorter by the accumulation (Anhdufung) of the wave of contraction 
(Contractionswelle). The fact that the rate oftravelling of this wave is 
changed by the degree of excitability, fatigue, and temperature, he 
considers adequately explains the different durations of the latent — 


1 Archiv f. Anat. und Physiol. 1885 ; Sup. 8, 113. 

2 Pfliger’s Arch. Bd, xu. 8. 584 Die scheinbare Latenzperiode der Erregung bei 
directer Muskelreizung. 

3 Loe. cit., p. 618. 
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period found to accompany changes in these conditions. He concludes 
that an inexplicable delay in the excitation after the moment of 
stimulation cannot be regarded as really having any existence or 
foundation on fact:—“so ist es nicht begriindet, eine unerklirliche 
Verspdtung der Erregung von dem Momente der Reizung als that- 
sdchlich existirend zu betrachten”.’ 

It is rather startling to hear that we should abandon the Latenz- 
stadium which has been so generally accepted, so variously measured, so 
carefully tested, and so nicely explained for nearly half a century. 
The ground upon which so radical a step is to be taken must be very 
firm; and the arguments must be clear and adequate if they are to 
persuade us to give up a belief supported by such facts as the following, 
which I should find it eiftoalt to understand if the mechanical latent 
period were only “apparent ”. 

Observers have been unanimous in recognising a period of latency 
in the movements of both vegetable and animal contractile tissues. 

A distinct, often prolonged, latency precedes the state of activity of 
nerve-elements and of electric organs in animals, 

For the same tissue under normal conditions the duration of the 
period is strikingly invariable. When variation in the duration of the 
period follows a change in method the reason for the alteration can 
usually be detected. 

In many kinds of contractile tissue, such as the organic muscles or 
the skeletal muscle of the tortoise, the latent period is too long to be 
consonant with the views of Gad or Regéczy. 

The duration of the mechanical latent period of different kinds of 
contractile tissues varies between much wider limits than that of the 
electric phenomena of the same tissues. 

The latency of a contractile tissue varies in duration under condi- 
tions, such as change of temperature, fatigue, &., which readily 
influence the functional activity of the tissue but comparatively slightly 
alter its elasticity. 

Degrees of stimulation which are inadequate to produce maximal 
contraction have an inordinately long latent period which lengthens as 
the stimulus becomes more “ submaximal ”. 

The period is shorter in the case of a muscle which is in the act 
of contracting, or which has just received an inadequate stimulus. 
(Richet, Sewall.) - 


1 lc. p. 616. 
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The conclusions of Gad, Tigerstedt and Regéczy do not agree 
with those arrived at by other authors, and they materially differ 
from. results obtained by Dr Cash and myself* with an instrument we 
considered capable of exceptional accuracy, and with the use of every 
precaution against error that our experience could suggest. 

Besides the main question of the duration and true interpretation of 
the latent period it seemed advisable to examine some other points in 
detail. 

It was therefore determined to repeat the experiments in which dis- 
crepancies occurred, working with the advantage of the sperma light 
thrown on the subject by recent research. 

It was proposed that Dr Cash and I should together ones our: 
experiments using the new method introduced by Troitzky and em- 
ployed by Lautenbach, Langendorf and Tigerstedt. That is, 
marking the starting point of the contraction, and thus the duration of 
the latency, by means of an electric signal the current of which is 
broken as the first act of the contraction. Unfortunately for me, more 
urgent duties called Dr Cash away from London, so that I am now 
obliged to allow my own conclusions to appear without the correction 
or confirmation of my former colleague. He has kindly informed me 
that in his preliminary experiments he failed to confirm Tigerstedt’s 
results, and only with abnormally high temperature and strong stimu- 
lations could he obtain so short latencies as those given by that 
observer. But he regarded the method of marking the beginning of 
the contraction with an electric signal as a valuable substitute for 
measurement on the muscle curve, and he believed that the method 


_we had employed added at least 001” to the length of the latencies. 


METHOD. 
Velocity of the Recording Surface. 


The accuracy of the method employed in estimating very short 
intervals of time forms so important an item in arriving at trustworthy 
results, that it may not be out of place to give a description of the 
Pendulum Myograph in use in King’s College Laboratory, and of some 
special appliances by means of which an effort has been made to attain 


_ the greatest ease of manipulation and precision of record, 


1 Proceedings of the Royal Society, No. 219, 1882; No. 226, 1883. This Journal, Vol. rv. 
p- 197. 


4 
| 
4 
4 
4 
a 
ye 
¥ 


THE LATENT PERIOD. 401 


The instrument is a modification by Mr Dew-Smith of the pendu- 
lum myograph described in this Journal’ by Prof. Sewall of Michigan. 
The steel bearings upon which the pendulum swings are lodged in a 
solid cast-iron bracket cemented into a strong wall. They are so closely 
fitted that no lateral motion is possible. The recording plate can be 
raised or lowered to an extent enabling about 40 tracings to be taken 
one over the other. The counterpoise plate, as suggested by Helm- 
holtz, is moved in an opposite direction by the same screw, so that 
the centre of gravity of the pendulum remains the same whatever the 
position of the recording plate. The centre of gravity is — at a 
length corresponding to that of a seconds-pendulum. 

The tracings are made at the point corresponding to the centre of 
gravity, so that all the curves have the same radius and the same time- 
value. 

The velocity of the seitia surface may be varied in the following 
way. The spring-catches, which hold the pendulum away from the 
vertical line before and after the swing, are fitted upon a gun-metal arc 
the extremities of which are bolted to solid masses of cast iron firmly 
built into the wall. The arc lies in the space between the recording 
and counterpoise plates so that its centre occupies the position of the 
line through which the centre of gravity of the pendulum passes while 
swinging. The radius of the central line of the arc is exactly 99°41 
cm. in length. The catches can be moved on the are and fixed at 
any point up to that at which the pendulum forms an angle of 67° with 
the vertical line. This gives a maximum velocity when the pendulum 
is passing the vertical line, of ‘00028” per millimetre of recording 
surface. Any velocity below this may be had by lowering the catches, 
but a slower rate than 1 mm. = 0023” is seldom used. This just allows | 
the recording plate to swing clear of the writing point. 

The stimulation of the muscle is effected by breaking the primary 
circuit in the ordinary way, by means of an arm projecting below the 
pendulum pushing aside the contact lever which rotates on a vertical 
axis. The weak spring which holds the platinum points together also 
suffices to hold the contact lever aside when the-contact is broken, and 
prevents it from jerking back to remake the contact. The arm 
attached to the pendulum is faced with an agate plate, which is not 
altered by the blows given to the contact lever. This contact-breaking 
arm is only rigid during the fall of the pendulum. Should the 


1 Vol. 1. p. 164, 
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receiving catch be missed, and the pendulum accidentally swing back, 
the arm rotates on its horizontal axis and moves harmlessly over any 
obstacle it may meet in swinging back. The point at which the contact 
is broken can be accurately adjusted by a fine screw so as to lie exactly 
at the point of maximum velocity. 

The various parts connected with the recording signal are placed 
upon a small table resting on a separate bracket projecting from the 
wall, This table is fixed on an iron framework like the slide-rest of a 
lathe. By means of the screw of the slide-rest the table can be moved 
to or from the recording surface with great precision and steadiness, 
without altering in the least the relative position of the writing point or 
any portion of the apparatus. One complete revolution of the screw 
moves the table 1mm. The pressure of the writing point can thus 
be nicely adjusted, and the friction can be reduced to a minimum and 
exactly regulated. In marking the point of stimulation the steady and 
exact movements of the table are particularly valuable in ensuring 
accuracy, for thereby the writing point is spared the accidental bending 
which is almost unavoidable when the adjustment is made by hand. A 
very gentle touch or a little extra pressure on the plate may bend the 
writing point 1mm. and thus introduce a source of error capable 
of making a considerable difference in the calculation. 

The writing point is made of a thin strip of platinum foil. It is 
never allowed to touch the recording surface except when the time of 
stimulation is being marked, or the actual tracing is being drawn; thus 
the degree of pressure of the writing point against the recording surface 
when once adjusted can be kept exactly the same for all succeeding 
tracings. 


Notwithstanding the ‘eae which experience had shown in 
the rate of the instrument, the velocity of the recording plate was tested 
afresh in the following manner. 


The pendulum was set swinging trom the releasing catch while the 


| opposite catch was elevated out of reach. The swings having attained 


moderate amplitude were counted under varying circumstances (positions 
of the recording plates &c.) during four separate minutes, and on every 


_occasion it was found to beat true seconds. It was therefore equivalent 


to a simple pendulum 99°41 cm. long. Knowing this it was easy to 
calculate the velocity when passing the vertical point by measuring 


_ directly the length of the chord of the arc through which the cefitre of 


gravity of the pendulum descends. This was facilitated by the fact that 
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the central part of the fixed metal are supporting the catches is the 
exact distance of the centre of gravity from the centre of suspension. 
Then, if, V = velocity 
ch = chord 
g = intensity of Gravity 
l=length of the equivalent Pendulum, 


from the formula 


the velocity of the centre of the plate, while passing the contact key, is 
at once given. 


The chord of the arc of displacement of the pendulum used in the 
present experiments measured 82°5cm., and the maximal velocity 
deduced as above was 259°2 cm. per sec., which corresponds with a rate 
at which 1 mm. of recording surface equals 0003858”. 


Although no fallacy was expected, or could be detected, in this 
method of calculation it was thought well to control the calculated rate 
by observing the actual velocity of the moving surface as measured 
by accurate tuning-forks. 


In order to be sure of the correctness of the forks and have a 
standard for subsequent reference a Kénig’s fork marked 120 V. D. was 
tested in the following manner. A tracing of seconds was drawn on a 
self-adjusting, rapidly rotating, Leipsic drum by the electric signal of 
Depréz the current of which was broken by a Leipsic interrupting 
clock made by Balzar which had been frequently tested and proved to — 
be a good time keeper. Exactly under the writing point of Depréz’ signal 
the 120 V. D. fork was made to write its vibrations which were continued 
by the ordinary electromagnetic method. These synchronous time. 
records were made for several minutes and the number of vibrations per 
sec. carefully counted in 10 different lines of the record, the greatest 
variation found in the numbers was 1 V.D. per sec. and the mean was 
found to so nearly approach the marked rate that this was taken as 
accurate. 

In estimating with this corrected fork the mean velocity of the 
recording plate, while passing the vertical point of the swing, it was 
found that 14 vibrations of the 120 V.D. fork in five estimations 


occupied 30 cm. of. the recording surface, or sag | in 300 mm., hence 
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130 x 300 = 000388" per millimetre is the measured mean velocity of 


the recording surface. 


It was found impossible with the satiated each double vibration 
of which was nearly 1-5 cm. in length, to determine with sufficient 
accuracy the maximum velocity of the pendulum as recorded at the 
centre of the plate, because only 14 vibrations of the 120 V. D. fork fitted 
on the plate. A more rapid fork was therefore needed for estimating 
the velocity of the centre of the plate, where the rate was maximal and 
where the latencies were measured. A small fork when armed with a 
writing point was found by numerous comparisons with the 120 V. D. 
fork of Kénig to vibrate 1071 times per sec. This fork was used 
to differentiate between the speed of the centre and the extremes of 
the plate, and to measure the part of the curve upon which the latency 
was recorded. No difference could be detected in the individual vibra- 
tions, in the central 5 cm. of the plate, but a difference between this 
and the extremes was easily appreciated. 

By means of this fork it was found that the velocity at the central 
part of the plate—at the rate of swing used in these experiments 


20°5 
= 000888” =1mm. At 
21 


the extreme edge of the plate 21 V.D. occupied 5 cm. or 1071 x 50 


= '0003912’= 1mm. Showing a difference of 0000082” in the velocity 
of the central part and the extremes of the recording surface as they pass 
the vertical line. 


The maximum velocity of the plate hen thus measured for this 
extent of swing is practically equal to that calculated above 


Calculated Vel. = 0003858” 
Measured Vel. = 000383” 
showing two millionths ‘of a second difference. 


As the nearest value in five places of decimals to the mean of these, 
0003844", the velocity of 


1 mm, = 000388” 


—was 20°5 vibrations in 5 cm. or 


was adopted as the velocity of the central part of the recording plate. 


At this rate the common latency measured about 15 to 25 mm., and 
in measuring the tracings it was not thought necessary to attempt to go 
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beyond the easily determined length of a quarter of a millimetre as this 
was less than one ten-thousandth of a second. I confess I am not 
satisfied with my accuracy when I attempt to measure +, mm. on the 
curve of a line of nearly 7; mm. in thickness, though others seem es find 
no difficulty in doing so. 


The following list shows in fractions of a second some of the rates 
per 1 mm. of recording surface used to measure the latent period. In 
the second column the length of surface corresponding to ‘01” is given— 


“ mm. 
Mendelssohn and Marey 1mm. = 2°80 


Fick » 00286 » 240 
Helmholtz » 00192 » 
Tigerstedt 
Rosenthal » 00133 
Harless 
Regéczy » 840 
Jendrassik » woe 
Bezolt » ‘00085 
Gad » 00063 » 15°85 
Rosenthal » 0005 

Present research » 00038 26:34 
Lamansky 00021 


The tracings of the signal were drawn upon glazed paper stretched 
over the face of the polished glass plate and held in position by a sheet 
of paper, to which it was gummed at the back of the plate. Both papers 


were applied when moist, and on drying contracted so as to be stretched 
tightly on the plate. 


The measurements of the tracings were made on the original sheets 
of paper, upon which they were drawn. Although it was seldom neces- 
sary to estimate a distance less than ‘25 mm., the measurements were 
made with a needle-pointed compass and a simple microscope of ade- 
quate power. 

Two independent measurements were made by different individuals 
in each case. On more than one occasion I found it of distinct 
advantage to have a second measurement made by the younger eyes of 


an assistant who was free from that prejudice which is apt to arise from 
‘definite preconceived opinions. 
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EXPERIMENTAL PROCEDURE. 


The method of breaking the signal current used by Tigerstedt was 
employed at first, but was given up on account of the difficulty of 


regulating the degree of tension of the muscle without varying the 


position of the writing point, and because the point exerted an increas- 
ing pressure and corresponding friction on the recording surface during 
the contraction. The mode of applying the weight was also found to 


be unsatisfactory. As a substitute for this the Froschunterbrecher 
of Du Bois-Reymond’* was used. The great weight of the lever 


belonging to the original instrument was found to cause delay and 
therefore was changed for a much lighter one. The axle was made of 
a quill with firm bearings fitted to its ends. The arms of the lever 
were made of rigid straws united at the point over the contact breaker. 
A short rod of platinum (connected with the mercurial cup by a fine 
copper wire) was firmly fixed into the straws over the platinum anvil 
on which it rested by a thin edge. This lever weighed 92 grm. and 
exerted a traction on the muscle of 03 grm. A hole was drilled in the 
stage of the instrument to allow of the weight being applied to the 
axle. 

In marking the point of stimulation the supporting table was 
screwed up until the writing point came within a little less than 1 mm. 
of the surface. While the recording plate was being moved slowly by 
hand from right to left, the table was moved inwards so that the writing 
point just touched the surface without any backward jar. The position 
at which the contact was broken being marked, the table was removed 


- 1mm. from the plate by one turn of the handle of the screw of the 


slide-rest, and thus the point was prevented touching the surface while 
the pendulum was being placed on the catch. The table was then 
returned by the same amount of rotation of the screw as used in with- 
drawing it, so that the same degree of pressure was exercised by : 
the writing point on the surface. The current of the signal was then 
completed and the muscle elevated until the contact of the unterbrecher 
was broken. After a few moments pause—for an equilibrium of extension 
of the muscle to become established—the contact was carefully adjusted 
so that the least shortening of the muscle ensured prompt loss of contact. 


1 Gesammelte Abhandlungen, Bd. 1. 8, 215. 


> 
ag 
4 
aa 
3 
2 
€ 
§ 
x 
4 
q 4 
| 


4 THE LATENT PERIOD. 407 


The curve was not made until the contact was so delicately adjusted 
that the very lightest touch to any of the neighbouring apparatus caused 
a series of interruptions in the current and a rapid oscillation of the 
signal-lever. The stimulating current was then completed, the pendu- 
lum was allowed to swing, and the tracing drawn. 

The currents were then short-circuited ; the table withdrawn by one 
turn of the screw; the pendulum taken down ‘from the catch; the plate 
lowered about 2 or 3 mm. and the time of stimulation of the next 
tracing marked as before. 

In the first experiments direct tracings of the muscle-contractions 
were taken synchronously with the record of the electric signal on 
the same plate of the pendulum. The point of stimulation was 
marked both by the muscle-lever and by the signal in the same vertical 
line. 

In these tracings it could at once be recognised that the latencies 
written by the muscle-lever were longer than those recorded by the 
electric signal. Careful measurement showed a difference of about 002” 
to be the average. 

It was not always found an easy matter to mark the stimulation 
neatly with both levers when very close together. The two series of 
different kinds of curves drawn on the same plate looked confused and 
were not readily measured with accuracy. Further an essential point in 
the muscle-curve, viz. its altitude, was not shown, for with the rapid rate 
of swing the summit of the curve was only arrived at when the end of 
the recording plate had passed the muscle-lever. Had all the contrac- 
tion been recorded at this rate the curve would have measured about 
200 mm. 

This plan was not continued, as it was found better to make the 
muscle-lever write on a small drum rotating once in an hour. By this 
means the following points were recorded— 

1. Duration of experiment. 

2. Interval between the contractions. 

8. Altitude of contractions. 

The skin from the middle of the thigh to the tarsus was left on the 
preparation to keep the muscle from drying. After the skin had been* 
turned back, the tendon was separated and the tibia cut off. The hook 
was then attached to the tendon, the skin pulled down over the hook 
and the femur fixed in the clamp. By this means thé muscle remained 
fresh longer than in a moist chamber, which was thus rendered 
unnecessary. 
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ELEcTRIC SIGNALS. 


' Latency of the Electric Signal. 


I was unable before beginning this investigation to obtain one of the 
excellent electric signals manufactured by Pfeil, like that used by 
Tigerstedt; other forms of signal were found, however, to give very 
satisfactory results. Considerable pains were taken to determine with 
exactness the latent periods of several of these instruments, and I think 
it possible that the results may be interesting to those using them 
for determining short time-intervals. : 

_ Two pint Daniell cells were always used for the magnetising current 
of the signal, as it seemed important to have as constant a current as 


possible. 


One of the earlier forms of magnetic time-marker of Depréz was 


used in some early experiments. The latent period of this instrument 


for demagnetization was found to vary with the tension of the caout- 
chouc spring. When the spring was so slack that the armature was 
invariably drawn down on making the current the following latent 
periods were found : 


Latency of Depréz’s Signal (No. 1). 


No. Duration. No. Duration. 
1. 00085 4. 00087 
2 00095 5. 00087 
3 00095 6. 00087 

Mean 00090” 


Mean error = 000048” 


With the spring so tense that the armature was not invariably 
drawn down to the magnet on the current being made the following 
values were found : 


Latency of Depréz’s Signal (No. Il). 


No. Duration. . No. Duration. 
1. 00057 00057 
2 00057 6. 00057 
3 00066 7 00060 
4. 00066 

Mean = 00060” 


Mean error = ‘000042” 
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A new Depréz signal made by M. Ch. Verdin which was regulated 
by a spiral metal spring gave an easily measured tracing and very 
constant latency, viz. | 
Latency of Depréz’s Signal (No. ITI). 


No, Duration No. Duration. No. Duration. 
1. 00076 9. 00104 17. 00095 
2. 00076 10. 00085 18, 00095 
3 00076 11. 00085 19. 00095 
4 00085 ‘12. 00076 20. 00076 
5 00104 13. 00076 21. 00095 
6 00095 14, 00085 22. 00095 
7 00095 15. 00076 23. 00104 
8. 00095 16, 00085 

Mean = 00086” 


Mean error = 000087” 


Fic. 1. Facsimile of five tracings of the signal of Depréz to show the character of the 
latency. The vertical line marks the time of stimulation, the oblique line the 
departure of the lever from the abscissa. 

A signal (Smith’s) made in Prof. Sanderson’s Laboratory in 
Oxford had the shortest latent period of any I examined. The 
armature of this is held away by a wire spring bent at an angle, of such 
strength that the magnet cannot draw down the armature when the 
circuit is completed, but when placed in contact the armature clings 
steadily until the circuit is broken. The motion of pushing down the 
armature, if not executed with great care, may cause slight displacement 
of the writing point, and the repeated “touching down” of the armature, 


Fic. 2. Facsimile of five tracings of the Oxford electric 
_ signal showing its latency. 
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necessary when regulating the tension of the muscle, greatly delayed 
the experiment. Otherwise this is an excellent instrument and gives 


an easily read tracing and regular latent period. 
Latency of the Oxford Signal. 


No, Duration. 


17. 00056 
18. 00085 
19. 00114 
20. 00056 
21. 00076 
22. 00095 
23. 00056 
24. 00056 
25. 00056 
26. 00064 
27. 00056 
28. 00056 
29. 00056 
30. 00056 
31 00047 
32. 00047 
Mean = 00062” 


00056 


‘00047 


00056 | 33. 00085 
4 00056 $4. 00047 
00056 35. 00064 
00056 36. 00064 
4 00064 37. 00056 
00076 38. 00056 
4 00076 39. 00056 
4 00056 
00064 41. 00056 
10. 00076 42. 00056 
4 1l. 00076 43. ‘00056 
3 12, 00056 44. 00056 
13. 00056 45. 00056 
14, 00056 46. 00076 
16. 00056 
Mean error = 000098” 
j 
Fic. 3. Cambridge Electric Signal. 
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By the kindness of my friend Mr Dew-Smith I was able to use an 
electric signal made for him by the Cambridge Scientific Instrument 
Company which proved most reliable. It is constructed on the same 
principle as Pfeil’s. 

A metal disc, like the plate of a telephone, held in a circular brass 
frame 30 mm. in diameter forms the armature. This is supported over 
a double electro-magnet the distance of which can be adjusted by 
means of a screw. To the upper surface of the armature plate a light 
writing lever is attached. The latent period of this instrument was 
very constant. 

The following are the durations found at the distance of the magnet 
from the armature used in most of these experiments. 


No. Duration. No. Duration, _ No. Duration.. 
1. 00083 7. 00076 13. 00076 
2. 00085 8, 00079 14, 00066 
3. ‘00083 9 00083 15. ‘00076 
4, 00079 10 00079 16. 00076 
5. ‘00076 11 00076 17. 00066 
6. 00076 12 00076 18. 00076 

Mean = :00076” 


Mean error = 000032” 


Fia. 4. — of five tracings of the Cambridge electric ont showing. 
the graphic form of its latency. 


A slight dowaanal notch at the moment of breaking makes the 
latency of this signal easy to read, This probably depends on the 
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fact that the armature is not quite in contact with the magnet, and 
when the current is broken the induced or “ extra current ” momentarily 
increases the magnetism of the lowly magnetised core. This notch is 
- . much exaggerated by the introduction of a condenser into the circuit as 
) may be seen in fig. 5 on previous page. | 
i In more recent measurements when the distance of the magnet had 
i been changed and readjusted the latency proved a little longer. 


No. Duration. No. Duration. No. Duration. 
1. 00076 11. 00076 20. 00085 
2. 00076 12. ‘00085 21. 00085 
3. 00085 13. “00095 22. 00085 
4, ‘00085 14. 00095 23. ‘00085 
5. 00095 15. 00095 24. ‘00076 
6. 00095 16. 00085 25. 00076 
7; 00095 00085 26. 00095 
8. ‘00095 18. 00085 00095 
9, 00095 19. 00085 23. 00095 
10. 00076 
Mean = -00086” 


Mean error = ‘000057” 


Prof. Sanderson kindly lent me his Pfeil’s signal for comparison, 
and with it I found the following measurements of the time lost in 


demagnetization. 
- Latency of Pfeil’s Signal. 

No. Duration. No. Duration. No. Duration. 

1 00056 11. 00076 21. 00085 

2. 00056 12. 00076 22. 00085 

3 00076 23. 00085 

| 4 00076 14, ‘00076: 24. 00085 
7 5 00076 15 ‘00076 25 00085 
6. 00076 16. -00076 26. 00095 
1 7 ‘00076 17 ‘00076 27. 00095 
8 ‘00076 18. .:00076 28. 00085 
q 9. 00076 19. ‘00076 29. 00076 
| 10. 00076 20. 00076 30. 00076 


| 

| shorter mean latency, viz. 0003”. But the instrument I examined was 
_ more regular than his, which varied between 0013” and 0002”. This 
: may be ascribed to the greater difficulty of measurement on his 
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recording surface, upon which his mean latency measured less than } of 


a millimetre, whereas on my recording surface the mean latency was 


more than 2 mm. and therefore more easy to measure with exactness. 


Fic. 6. Facsimile of five tracings taken with Pfeil’s signal. 


In each of the following experiments the latency of the signal used is 
subtracted from the measurement in determining the duration of the 
period of the latent muscle, 


INFLUENCE OF DEGREE AND MODE oF EXTENSION. 


Before attempting to determine the normal duration or the exact 
significance of the period of latent excitation it seems well to re-examine 
the question as to whether it varies with the degree and mode of 
extension, and with the intensity of stimulation, which are said by 
Tigerstedt to have no influence, : 

The influence of a weight “supported” at the normal length of a 
muscle (iiberlastet) upon the length of the latency is shown by 
Helmholtz in his original paper, in which he says “the time the 
muscle requires, after stimulation with equal currents, to reach the 
tension npreepouding to the — attached, increases in proportion to 
the weight”. 

Richet’ found an increase in the duration of the latency to 
accompany the increase of extension with weights from 10 grm. to 100 
grm. in the case of the flexor muscle of the crayfish’s claw. Cash* 
and I found a steady elongation of the latent period of the frog’s 


gastrocnemius while increasing the extending weight from that of the © 


lever to 100 grm., the difference being less marked with the medium 


1 Miiller’s Arch. 1850, p. 276. 
2 Archives d, Physiologie &c. 1879, p. 279. 
5 Proc. Roy, Soc., 1881. 
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weights such as 40-—70 grm., than those below and above these loads, 
and the first ten grm. causing the greatest increment. fey to 
10 grm. = 00090”, 10 to 40 grm. = 00187”, 40—70 grm*= 0057”, 
70 to 100 grm. = 00196". 

Place could not detect any regular ratio between extension and 


latency when the muscle was extended with a spring, though the 


figures in his experiments show a distinct increase in duration with 
greater tension. In the mean measurements the latency lengthens from 
0045” with 0 grm. tension to 0063” with 225 grm. which is probably 
as much as the muscle could bear without injury. 

- Mendelssohn’ found irregularity similar to that described by 
Place in the variations of latency when the weight was suspended on an 
elastic thread, no latency-increment being found until 30—50 grm. were 
added and above this little change occurred; but with a weight-pan 
rigidly suspended, successive increments of 5 grm. caused a gradual 
lengthening of the latency from ‘0067” (lever) to 013” for 56 grm., above 
which but little prolongation could be induced by increase of weight. 

Tigerstedt’ confirms Place’s observation and says that “the 
period of latency of muscle-contraction with an initial tension varying 
from 5 to 100 grm. remains much alike”, and from his own experiments 
he concludes that “when the initial tension of the muscle varies 
between 5 and 100 grm. or 100 and 250 grm. the duration of the 
corresponding latency only varies about ‘001; practically it is, then, 
within these limits independent of the initial tension”. A careful 
analysis of his numerous measurements, however, fails to induce me to 
concur in this statement. Taking the means of the 7 experiments in 
his first series (average temperature 14°4°C.), I find the following 
latencies, with 5 grm.='0056", 20 grm.=‘0058", 40 gtm. = 0060”, 
60 grm.='0061", 80 grm.=‘0063’, 100 grm.= 0062”, ie. a steady 
increase from *0056” to ‘0063, or 0007” for a variation in tension of 
75 grm. In the second series (average temperature 224°C.) I find for 
100 grm. latency of 0042”, 150 grm. = 0045”, 200 grm. = 0047” and 
250 grm. = 0050", a total increase of ‘0015”, which though small 
is evenly distributed over the several weight-increments, 

Thinking this variation too regular to be, as he states, attributed 
to accidental circumstances, I determined to examine the question 
of extension again with weights suspended by rigid or elastic bands, 
directly under muscle or from the axle. 


1 Travaux du Lab, de M. Marey. Années arre-aE, p. 133. 
2 Loc. cit., p. 246. 
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Direct Inelastic Eatension. 


Experiment I. 2nd April. Room temp. 16°0. Gastroc. of uncurarised 
Rana Temp. Weights applied directly under muscle. Cambridge signal. 
Unterbrecher. Stimulation direct. One Grove. Berlin Inductorium with 
secondary cdil at 7 cm. and 4 cm. 


No. Qndry Coil at Weight. Latency. 
00779 
2. ‘a Lever only ‘00722 
3, 00741 
4, 00883 
B. 50 grm. 00874 
6. 00912 
7. 01026 
8, 100grm. -01054 
9, 01054 
10. 00874 
11. 50grm. + 00865 
19. i | 00921 
13. 00750 
14, : Lever 00769 
15. is ‘00750 
16. 4 cm. Lever 00722 
17 ” 50 grm. 00845 
18 100grm. 00978 
19 i 50 grm. 00788 
20 i Lever 00712 


Mean for Lever ‘00738 
50 grm. 00864 
100 grm. -01015 


In this experiment the relation of the latency to the weight is seen 
to be well marked both while increasing and decreasing the load applied 
under the muscle. With the stronger stimulation used, in the last five 
measurements, while all the latencies are shorter, the same relation of 
weight to latency obtains. 

The following wood-cut shows a facsimile of the curves, which can be 
identified by their weights. 

In an experiment on the same day and performed under like 
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conditions, the muscle of the other leg of the same frog when curarised 


Fic. 7. Curves showing the effect of variation of weights applied 

y under muscle. To be read from below. 
gave the following means (each of 6 tracings) of durations with varying 
weights applied directly and inelastically to the muscle. _ 


Lever only (mean of 6 curves) 00704 
50 grm. 13%, ‘00772 
100 grm. ‘00876 


The increase is here also regular but not so well marked as in the 
non-curarised muscle. | 


ExPeRIMENT II. Ist July. Room temp. 18°5°C. Gastroc. of non-curarised 
Rana Temp. and Esculenta. Weight applied directly. Lever to 10 grm. 
Stimulated directly by two Daniells with Berlin coil ; secondary coil at 8 cm. 
(muscle responded at 20cm.). Unterbrecher. Cambridge signal. 


Each number in the following table is the mean measurement of three 


Esculenta. Temporaria. 
10 germ. 00712 00645 
60 grm. ‘00835 00806 
110 grm. ‘00793 00873 
100 grm. 00835 ‘00915 
60 grm. 00750 00785 
10 grm, 00645 ‘00703 


From which it seems a similar change takes place in both kinds of Frog. 
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Awial Inelastic Extension. 


Experment IIT. 11th March. Room temp. 15°8°C. Gastroc. of 
curarised R. T. stimulated directly through entire length of muscle by Berlin 
Inductorium with secondary coil at 75cm. Weights attached to aale by 
inelastic thread. Unterbrecher. Light lever. Cambridge signal. 


Tension. Latency. 
00741 

Lever ‘03 grm. ‘00722 
00722 
00769 

| | 5 grm. ‘00798 
00798 


‘00836 
00807 
‘00807 


00883 


10 grm. 


20 grm. 00883 
00950 


After 5 minutes’ interval the following control estimations were made. 


20 grm. 00893 
10 grm. 00855 

5 grm. ‘00760 
Lever | ‘00741 


Mean for Lever 00731 
5grm. ‘00776 
»  l0grm. 00826 
» 20grm. 00902 


With these slight increments in tension, caused by varying the weight 
applied to the axle, a regular increase in the latent period can be detected. 


Comparison of Elastic and Inelastic. 


Direct Eatension. 


Exrenment IV, 22nd Oct. Non-curarised gastroc. of R. T. stimulated 


directly by 1 pt. Daniell. 2ndry coil of Berlin Inductorium at 5cm. Weights 
applied to tendon. | 
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Weight. Elastic. Inelastic. 
00684 00779 
10 grm. 00769 ‘00750 
00798 00693 
‘00741 ‘00874 
20 grm. ‘00731 ~ 00912 
00741 ‘00893 
‘00921 00988 
50 grm. ‘00874 00969 
00874 ‘00978 
00950 01064 
100 grm, ‘00978. ‘01054 
‘00969 01045 
Mean for 10 grm. 20 grm. 60 grm. 100 grm. 
Elastic 00750” 00738” 00889” 00966” 
Inelastic 00741” 00893” 00978” 01054” 


From this it would appear that, with direct elastic suspension of the 
weight, the increments in the duration of latency corresponding to 
increased extension are not so regular or so great as in the case of 
inelastic extension. 


Axial Extension. 


EXPERIMENT V. 5th March. Non-curarised gastroc. of R. T. Temp. 
14:5°C. Berlin coil; secondary coil at 5cm. 1 pt. Daniell. Cambridge 
signal and Unterbrecher. Weight suspended froin axle of lever. 


Extension. Elastic. Inelastic. 

Lever *3 grm. {00817 

00627 00627 

{00846 00608 

| 00646 00684 

gem. . {00684 00760 

‘00703 00798 

10. grm, 100733 00741 
‘Mean for Lever 00615 

2 grm. 00635 ‘00617 

5 grm. 00665 00722 

10grm. ‘00712 00769 

Increment ‘00097 00154 
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Experiment VI. 7th Nov. Conditions the same as in last experiment 
except that heavier weights were applied. — 
Each latency is the mean of 3 tracings. 


Extension. Elastic. Inelastic. 
1 grm. 00620 00642 
10 grm. 00683 ‘00696 
20 grm. ‘00633 ‘00689 
30 grm. ‘00627 ‘00627 


It was found more easy to regulate the contact with delicacy with 
the heavier weights, particularly when inelastically suspended, for when 
the extension is below a gramme the least motion near the instrument 
breaks the current. This probably accounts for the shorter latencies 
found in the last experiment with the greater tension. 


From these experiments it would appear that the weight has most 
influence on the latent period when it is applied directly to the muscle 
by a rigid medium. : 

The influence of the weight is reduced, and its effect made irregular 
by attaching it to the muscle by a weak spring or elastic band. (Marey, 
Place, Tigerstedt.) 

The influence is diminished, or may disappear, if the inertia of 
the weight be lessened by applying it to the axle of the lever. (Fick.) 

The effect of weight increments ceases to be recognised if the weight 
be attached to the axle by a sufficiently weak spring. 

That is to say, if the inertia of the weight be minimised, increased 
tension of the muscle does not materially influence the duration of 
the latency. In other words, the elastic suspending medium stretches, 
before the weight is moved, so as to allow of contraction of the muscle, 
which, though very slight, suffices to break the circuit of the signal. 

By writing the curve with the muscle-lever this latter fact does 
not become obvious, because the initial contraction is so gradual that 
it cannot be recognised to influence the curve. 


VARIATIONS IN THE DURATION OF LATENCY CORRESPONDING 
To INTENSITY OF STIMULUS. 


With regard to the influence of intensity of stimulus upon the 
duration of the latency there seems no difference of opinion so long 
as the stimulation is submaximal. A definite (inverse) relation 
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exists between the strength of the stimulus and the length of the 
latency. 

When the stimulus is strong enough to cause a maximal contraction 
the duration of the latency is not so readily influenced by changes in 
its intensity. Richet’ thinks that a diminution, from the normal 008”, 
of only about 002” can be induced by stimulation above the maximal. 
Mendelssohn’ found an increase and decrease of the duration of the 
latent period to correspond with diminution:or augmentation in the 
intensity of the electric current. In former experiments with Dr Cash’, 
increase in the strength of stimulus gave rise to a decrease in the 
latent period, but when the stimulus became excessive the latency . 
was observed to be elongated rather than shortened. Tigerstedt‘ 
sums up his results on this subject by saying that “when a muscle 
is stimulated directly, without the intervention of the nerve-endings, 
the duration of the latent period is independent of the strength of 
the stimulus”. This conclusion however is drawn from experiments 
on non-curarised muscles, the measurements of which show a regular 
increase of the latency following greater separation of the coils. This 
increase in duration he attributes to the latency of the eeeraeiee tins 
nerve-endings, shown by Bernstein to be 0032”. | 

I thought it well that this theoretical conclusion should be con- — 
trolled by experiment on deeply curarised muscles in which the 
influence of nervous latencies could have no effect. In the following 
three, which can be taken ‘as typical examples from a long series of — 
experiments, the animals were profoundly under the influence of curara. 
The character of the stimulation—whether submaximal, maximal or 
hyper-maximal—was determined by its altitude on the slowly-rotating 


drum and by the readiness with which the lever returned to the 
abscissa. 


Experiment VII. 4th March. Room temperature 17°C. Gastroc. of 
Rana Temp., curarised. 20 grm. weight applied directly to heavy lever of the 
Froschunterbrecher. Depréz signal writing latencies on pendulum. Lever of 
Unterbrecher recording the altitude on the hour-drum. One Grove. Berlin 
coil. Distance of secondary coil altered from 5m. to 0 cm. and back 


7 gal 


1 Physiologie des Muscles et des Nerfs, p. 50. 
2 Travauz du Lab. de M. Marey, 1879, p. 50. 
3 This Journal, 1883, Vol. rv. p. 201. 

* Loe. cit. p. 162. 
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2ndary Coil at Latency. 2ndary Coil at Latency. 
cm. cm. “ 
5 00817 0 00731 
4°5 00779 0°5 ‘00760 
4 00779 1 00722 
3°5 00798 1°5 ‘00769 
3 00750 2 00722 
2°5 00874 2°5 ‘00750 
2 00912 3 00798 
15 00836 3°5 00731 
1 00836 4 00703 
0°5 00779 4°5 00760 
5 00798 
2ndary Coil at Latency. 
cm. 
for 5 00807 
45 00769 
4 00741 
3°5 00764 
3 00774 
2:5 00812 
2 00842 
1°5 00802 
| 1 00779 
0°5 00769 
0 00731 


Experiment VIII. 11th March. Room temperature 14:5°C. Gastro- 
cnemius of R. T., curarised. Cambridge signal writing latency on pendulum 
and Unterbrecher recording altitude on hour-drum. Berlin coil with two 
Daniells. Weight = 10 grm. applied directly. 


_ Distance of 2ndary Coil. Latency. 
00978 
00940 
00902 
00912 
00893 
00883 
00883 
00874 
00912 
00931 
“00978 
00959 
00950 
00959 
‘01064 


(hyper-maximal stimulation) 


NATUR WOW HOM 


(Fatigue) 
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Experiment IX. 7th April. Room temp. 15°0. Gastroc. of curarised 
R. T. Cambridge signal writing latency on pendulum. Unterbrechér recording 
altitude on small hour-drum. Berlin coi] with one Grove. Weight applied 


directly = 10 grm. 


Dist. of 2ndary Coil. Latency. Dist. of 2ndary Coil. Latency. 
— 00997 om. 00836 
6 ‘00912 3 00959 
00950 00826 
00883 00950 
5 00940 (hyper-maximal 
00931 ulation) .00836 
00912 00836 
4 00874 00883 
00902 00874 
00817 
Return to weak stim. as control. . 
Dist. of 2ndary Coil. Latency. 
cm, 00893 
° 2 00988 
00922 | 

3 { 00950 

00874 

4 00883 

5 00950 

6 01064 


On finding the mean for each strength of stimulus, whether ; 
increasing or decreasing, figures are obtained that show a regular | 
diminution until very intense excitation interferes. | 


cm. 

Mean for 6 91608 
00934 
00979 
00892. 

00908 

1 00864. 


From these experiments it would seem that the latency varies with 
changes of intensity of stimulation even when the nerve-terminals are 
paralysed and the stimulations are maximal. The variations are 
irregular when the degree of stimulation is strengthened beyond normal 
limits, and the muscle suffers as shown by its residual contraction. 

The same holds good with decreasing stimulation, the increment in 


¥ 
4 
x 


THE LATENT PERIOD. 423 
the duration of latency can be recognised with maximal but not byper- 


maximal contractions. | 

It was thought well to make some experiments without curara in 
order to compare the results and test the question as to the influence 
of the latent period of the end-organs of the intramuscular nerves. 


_Expertmment X. 7th April. Room temp. 15°C. The other gastrocnemius 
of the same R. T. taken before the curara had been applied. All other cir- 


cumstances the same. 


Latency. 


Dist. of 2ndary Coil. Dist. of 2ndary Coil. § Latency. 
cm. cm. 

*9 01434 3 00931 

¥8 01368 4 00950 

01292 5 00978 

01225 *6 ‘01140 

5 00950 *7 01320 

4 00931 *8 01368 

3 00912 *9 01368 

2 00883 
Mean for 2 cm. 3 cm. 4com. 5cm. 6 cm. 7 cm. 
00883”  -00922” 00940” -+00964” 01182” -01304” 
8 cm. 9 cm. 
01368” 01357” 


Fic. 8. Curves drawn with the Cambridge signal showing the changes in the duration of 
the latency caused by variation of stimulus. The sudden change between 5cm. 
and 6 cm. corresponds with the change from indirect to direct stimulation. . 


Experiment XI. 8th April. Room temp. 15°C. Non-curarised gastroc. 


Rana Temp. 20 grm. applied directly. One Grove. Berlin coil. Cambridge 
signal. 
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Coil at Duration of Latency. Coil at Duration of Latency. 
cm. cm. 
*10 01549 5 00845 
01539 00864 
01491 00855 
01311 01358 
01254 01330 
01235 01311 
5 00760 #10 01453 
00798 01444 
00864 01539 
2 00912 
00893 
00931 | 


‘The means of the foregoing measurements, before and after the stro 
stimulation, give : | 


cm. 
For 10 01502 
8 01303 
5 00830 
2 00912 


In all the experiments in which the animals were not curarised 
and a sufficiently extensive range of stimulation-difference was used, a 
remarkably sudden change in the duration of the latency could be seen 
to take place when the distance of the secondary coil exceeded some 
5cm. The regularity of this occurrence suggested a common cause 
and the following explanation seemed adequate. So long as the current 
was not strong enough to stimulate the muscle directly, (ie. at a greater 
distance of the secondary coil than 5 cm., which measurements are 
marked with an asterisk in the table) the nerve endings acted as the 
exciting agents and the time lost by their interposition was added to 
the latency. When the stimulus became strong enough to excite the 
muscle directly the latencies suddenly became shorter because the 
latency of the end-organs was no longer recorded. 

This observation seems to support Bernstein's’ view of the latent 
period of the nerve-endings in muscle, and [ confess I cannot find in 
Hoisholt’s* work sufficiently strong antagonistic evidence to shake my 
belief in its reality. 

The existence of this latent period for the end-organs cannot how- 
ever explain the decrease in the duration of the latent period of the 


1 Die Erregungszeit d. Nervenendorgane in d. Muskeln.”+ Arch. f. Anat. u. Physiol., 
1882, 8. 328. 3 
2 This Journal, Vol. v1. p. 1. 
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muscle with increasing intensity of stimulation, for this can be still 
observed when the end-organs are thrown out of action by curara. 
With gradual increments in intensity of stimulus, when the non- 
curarised muscle is stimulated directly, this short period suddenly drops 
out: of record, and the latency still becomes somewhat shorter as a 
result of stronger stimulation. 


Taking the preceding experiments in connection with the former 
research already referred to I think the following nemesiae may be 
drawn. 

The duration of the latent period diminishes when the intensity of 
the stimulation is increased up to the point at which the stimulus can no 
longer be regarded as within the possible range of normal excitation. 

If the intensity of the stimulus greatly exceed that to which the 
muscle has normally been called upon to respond, the muscle is injured 
and the latency ceases to become shorter with increased stimulus, even 
though the duration and extent of the contraction be above the so-called 
maximal contraction. 

Within the range of intensity at which the stimulus can just 
produce a maximal contraction (i.e. not sub- or hyper-maximal), the 
diminution in the duration of the latency corresponding to the increase 
in strength of stimulus is relatively less than within the range of 
intensity which can only produce sub-maximal contractions. Or in 
other words, with regularly increasing intensity of stimulation so long 
as the contraction is becoming stronger (sub-maximal stimulation) the . 
latency decreases rapidly; while the contractions remain the same 
height the latency decreases slowly with increasing stimulus, and when 
the possible normal maximum is overstepped no further diminution in the 
duration can be brought about though the muscle be thrown into rigor. 

It is then only the sudden variation of duration in non-curarised 
muscles when directly stimulated that depends on the addition of the 
latent period of the nerve-endings. | 


INFLUENCE OF TEMPERATURE. 


In order to test the effect of temperature, which is well known to 
influence all parts of the contraction, and to try and obtain some short 
latencies, the muscle attached to a Kronecker’s forceps was placed 
within a cylindrical coil of thin copper tubing. This cylinder was two 
centimetres in diameter and was lined with a layer of moist blotting 
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paper, inside which the muscle and the bulb of a delicate thermometer — 
with a scale from 12°C. to 35°C. could lie without the muscle coming 
into contact with any part of the apparatus. A small moist chamber 
was thus formed. Cold or warm water could be allowed to flow 
through the copper tubing and the temperature of the air around 
the muscle could be changed with great rapidity. In these experi- 
ments the skin was carefully replaced on the muscle when the tibia was 
removed, and covered the preparation from the forceps to the hook. 


Expertment XII. 24th June. Room temp. 19°C. Frog had been kept 


at 13°C. Non-curarised gastrocnemius of a R. E. stimulated by the Berlin 


coil and 2 Daniells. Unterbrecher. Cambridge signal. The intensity of the 
stimulus was increased in the latter part of the experiment in order to shorten 
the latency still further. 


| 
i 
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Qndry Coil at ‘Temp. Qndry Coil at ‘Temp. 
cm. cm, 

5 15°C, 00617 5 311°C. 00341 
15°56° 0. 00598 9 311°C. 00303 
163°C. 00589 0 31:35° O. 00303 
168°C. 00570 32-22° 00303 
17°3° 0. 00551 26°67° C. 00351 
178°C. 00532 25°56°O. -00418 
21:67°C. 00390 22+2° 00313 
96:11°C. 19-44° 00570 
28:33°C. 00380 16°67°0. 00665 
3110° 0, 00760 


EXPERIMENT XIII, Temperature raised from that of the room (14° C.) and 
then allowed to fall. The non-curarised gastroc. of R, T. stimulated with the 
Berlin coil and two Daniell cells, the 2ndary coil at 5cm. Cambridge signal 
and Unterbrecher. The variations in temperature are unavoidably irregular, 
as it was found impossible to cause the contractions at equal intervals and at 
the same time to have even temperature increments. 


Temp. Duration of Latency. Temp. Duration of Latency. 
00817 C, 00446 
15°5°C. 00855 32:20° 00418 
167°C. "00684 29-0° C. 00418 
173 C, 00646 26°7° C. 00456 ~ 
17°8° C. 00608 24°5° C, 00532 
18°3° C. 00636 23°3° C. 00532 
19°4°C, 00551 21°1°C. 00579 
20°5° C. 00608 18°3° C. 00684 
22°8° C. 00541 167°C. “00712 
25°6°C. 14°8° C, 00874 
26°7° C. 00456 
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From these experiments, which only confirm many others, an 
elevation of temperature seems to be the most influential factor in 
_ shortening the latent period; a rise to even 15°C. or 16°C. showing 
a marked decrease in its duration. Experiments are seldom carried 
on at the temperature at which the animal has been in the habit of 
living ; indeed almost invariably the laboratory is some 3°-5°C. higher 
than the frog-house. I feel that sufficient attention has not been 
paid to this point.. I am sure that the muscle of a winter frog kept 
at about 10°C. to 12°C. when examined at 17°C. or 18°C. gives much 
too short a latency. In the same way a summer frog living at 18°C. 
if examined at 12°C. gives much too long a latent period, and contracts 
abnormally, as may be seen by the residual contraction. 

Careful attention to this point convinces me that any deviation 
below 13°C. or above 15°C. gives an abnormal duration of latency, 
and the most even results are attained when the room-temperature 
is not much over that at which the animal has been kept. 


Mean DuRATION oF THE NoRMAL LATENCY OF THE FRoG’s GasTRO- 
CNEMIUS ESTIMATED BY THE SHORTENING OF THE MUSCLE. 


Although shorter and longer latencies have from time to time 
been recorded, there seemed no reason until recently to doubt the 


_ accuracy of Helmholtz’ original estimate of 01” as the mean a | 


of this period under normal conditions. rye 

A duration varying from 01” to ‘02” was as “the 
latency by Du Bois-Reymond, Holmgren, Hermann, S. Meyer 
and others in investigating the electric changes occurring in muscle 
after its stimulation... 

The following chronological list gives the mean periods of latency 
ascribed to the skeletal muscle of the frog by some observers. 


_ Mean Latent Period of Frog Muscle stimulated directly. . 
Date. Observer. Mean. Remarks. 
1850 Helmholtz ‘01 Pouillet’s and graphic method 
1859 Harless ‘0187 Fallmyograph 
1859 Bezolt ‘0136 Helmholtz’ Myograph, at 10°C. 
1859 Wundt ‘01 


1862 Fick ‘007 Pendulum Myograph, axial weight 
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Date. Observer. Mean. Remarks. 
1867 Place 005 Drum 

1868 Marey 

Klunder and Hensen 

1868 Lamansky 

1870 . Volkmann “O01 

1871 Valentine ‘021 
1871 Bernstein 0188 » at 10°—18°C, 
1874 Ranvier 015 

1877 Lautenbach 008 

Briicke ‘007 

877 Gad 004 Spring M h 

1879 Sewall ‘Ol Pen 
1879 Richet . ‘008 Drum 

1879 Langendorf ‘009 

1879 Mendelssohn 008 

1883 Cash and Yeo ‘009 Pendulum Myograph 
1883 Rosenthal 009 Disc Myograph 

1885 Fredericq ‘018 Spring Myograph 
(1885 =Tigerstedt ‘005 Drum 

1888 Regéczy 0033 Fallmyograph 


Present research 0065 Pendulum Myograph 


When extremes of temperature are avoided the records seem most 
often to come within the limits 007” and 01”. 
On the principle that the tendency of all instrumental defect must 


be to increase the delay, the shortest records should be nearest the true 


length of the latency. The paucity of the measurements in which the 
records are shorter than 007” make them look like exceptions, and they 
cannot be accepted without careful examination of the methods by 
which they have been arrived at. 

Fick with the Pendulum Myograph (using axial extension to 
obviate the inertia of the weight noticed when it is applied directly 
under the muscle) recorded the short period of 007” as the normal 
mean. This is but slightly below Helmholtz’ measurement for 
unweighted muscle, viz. 0073”. There can be no doubt as to the 
excellence of Fick’s methods, and from the results of the present 
research it is probable that the duration of the latency found by 
him is nearer the truth than that previously accepted. 

The recording surface used by Place was not very well suited 
for measurements of such short periods of time, and his mode of 
marking the point of stimulation was somewhat unsatisfactory. The 
primary current was broken by an electro-magnet, the armature of 
which, at the same time as it broke the stimulating circuit, drew 
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the line indicating the point of stimulation from which the latency 
was measured. 

From the following considerations it seems clear that the muscle | 
was stimulated before the line marking the latency was drawn. No 
doubt the very first movement of the armature broke the current 
and gave the stimulus, but an appreciable time must have elapsed 
before the armature was drawn to the magnet. I find that the 
- armature of the electro-magnet of Pfeil’s signal does not record its 
movement, when the magnet is made, for “00159” after the circuit 
has been completed. The writing-pen itself must have had some 
inertia (I have never seen one quite free from this source of error), 
thus two items of delay tended to shorten the record of the latent 
period. 

Gad’s paper seems to be chiefly an essay in in. he ingeniously 
supports theoretical conclusions by experiment, but as he does not 
give systematically the details of the individual experiments it is 
difficult to criticise his results. The only curves he depicts are 
characterised by the enormous length of their latencies. He gives 
no graphic representation of those from which he deduces the short 
latency, nor does he describe the method or the conditions (such as 
temperature, degree of stimulation &c.) under which his experiments 
are made, with sufficient detail to enable his results to be tested by 
control experiments. 

He states that by suitable adjustment of springs the latency of 
the entire gastrocnemius can be reduced to 004”. It has been 
shown in a previous part of this paper that 004” is by no means 
an impossibly short latency for a slightly warmed and over-stimulated 
muscle extended by a weak spring, but such a period of latency 
in the contraction of the entire muscle stimulated directly is most 
unusual, 

Tigerstedt, on the other hand, in his comprehensive paper gives 
- minute details of his experiments, and I think in them certain special 

conditions tending to reduce the length of the latency below the 
normal may be found. 

It has already been stated that the muscles of the frog are very - 
susceptible to slight changes of temperature, and that a difference of 
temperature in the rooms in which the animals are kept and in which the 
muscles are examined, influences the rate of contraction and the latency. 
There can be no question that a winter frog taken from a cool cellar 
into a warm room at 17° or 18°C. gives an er short latency. 
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These temperatures are commonly used by Tigerstedt. If we exclude 
the experiments made at a temperature above 18°C. from those 


recorded by Tigerstedt to calculate his mean latency, it becomes 


nearly 006” instead of -005”. 


Secondly, he uses a degree of stimulus which I find excessive. 
In my opinion a Grove cell, with the secondary coil of the Inductorium 


over the primary, is unnaturally and injuriously strong for a frog’s 


muscle, and must be more intense than the muscle is accustomed to, 
or than is necessary to cause a maximal contraction. A pint Daniell 
with the secondary coil at 4 cm. invariably gives me a maximal 
contraction with a fresh muscle, and I find such stimulation gives 
much more even results than a greater intensity such as that used 
by Tigerstedt. 


Thirdly, the extension of the muscle immediately preceding the 
contraction, by means of an extra weight, removed just as the record 
is about to be made, tends to give shorter records, and I confess I 
cannot recognise the utility of this preliminary stretching which in 
my experience only complicates matters and introduces an irregularity 
in the results by inducing slight premature contraction. 


In the work of Regéczy 0098” is given as the mean latency for 
the whole muscle. It varied in one series of experiments, between 
0152” and ‘0038” with like temperatures. In another series the 
latency varied between 0045” and -0019”, and in the third by re- 
cording the motion of a part of the muscle stimulated in several 
places at once the remarkable duration of ‘0006” was attained on one 
occasion. 


The sum of the variations being greater than the total mean latency 
does not seem to commend the reliability of the method used. 


I cannot quite agree with his statement that “wegen der 
Schwierigkeit der Abmessung der Curven kann die Latenzperiode nur 
in dem Sinne fehlerhaft sein, dass diese linger erschienen: kiirzer 
kann sie gar nicht erscheinen”.’ I find it quite as easy to make 
a mistake in one direction as the other, and I should be very slow in 


. coming to the above conclusion or in relying too implicitly upon a method 


which allows a duration of 0006” to be measured as the latency of the 


shortening of a frog’s muscle, and gives so exceptionally wide limits 
to the length of this period. 


1 Loe. cit., p. 246. 
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In the following, which are given as average samples of the results of 
a great number of confirmatory experiments, every mechanical device 
consistent with the normal state of the muscle was adopted in order to 
reduce the loss of time to a minimum. 


The inertia of the recording lever was avoided by using the electric 
signal (the latency of which was ascertained and subtracted) to mark 
the beginning of the contraction. 

The inertia of the lever by which the muscle broke the contact was 
reduced by lessening its weight which, including the axle, was 3 less than 
gramme (‘92 grm.). 

The inertia of the weight applied was reduced by having it attached 
to the axle (radius 3 mm.) by means of a thin elastic band, which acted 


as a spring, the tension of which could be varied so as to alter the 
traction on the muscle. 


The temperature was not more than 4° C. higher than that at which 
the animal had been kept. 


Stimulation was fully maximal, being as intense as possible without 
being injurious to the muscle. 


Experment XIV. Lasting 1 hour 4’. 7th Dec. Room Temp. 15:5°C. 
Non-curarised gastroc. of Rana Temp. Extended elastically by axial weight 
= 15 grm. traction on muscle, Stimulated directly by 2 pint Daniell cells 


and Berlin Inductorium. 2ndary coil at 5cm. distance. — signal. 
Froschunterbrecher. 


No. of engi Corrected Latency. No. of Tracing. Corrected Latency. 

1 00684 11 00636 
2 00665 — 12 00665 
3 00646 13 00674 
4 00684 14 00684 
5 00693 15 00693 
6 ‘00684 16 00684 
7 00646 17 00665 
8 00712 18 00693 
9 00665 00646 
10 00646 20 00646 

Mean 00670” 

Mean error 00017” 


Expertment XV. Lasting 1 hr. 35’. 16th Dec. Room temp. 16°C. 
2ndary coil at 6cm. Other conditions as before. 
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No. of Tracing. Corrected Latency. | No. of Tracing. Corrected Latency. 

1 00608 19 00636 

2 00598 20 00608 - 

3 00646 00627 

4 00636 29 00636 

5 00627 93 00646 

6 00608 24 00608 

7 00608 00617 

8 00589 26 00598 

9 00608 27 00617 

10 00636 28 00646 

11 00636 29 00674 

12 00627 30 00665 

18 00608 31 00646 

14 00636 33 

15 00608 33 00741 

16 00636 34 aa (Fatigue 1) 
17 : 00617 35 00817 
18 00627 | 


Omitting the last four latencies which by their increasing length and resi- 


_ dual contraction clearly indicate fatigue, the other measurements give the 


Mean -00625” 
Mean error = '00016” 


From these and other foregoing experiments it would appear that the 
duration of the latent period, formerly accepted as correct, is too long. 
The error in the records made with Cash may no doubt be 
attributed to the inertia of the parts of the recording apparatus and 
of the weight attached to the muscle, If this inertia be reduced by 
using a light lever and axial weight as shown by Fick, or elastic 
extension of the muscle as used by Marey, curves showing practically 
the same duration of latency can be obtained with great regularity with 
the muscle-lever. But even with these precautions in my, recent com- 
parative experiments, where the signal and the lever wrote together on 
the same surface, a difference of nearly 002” was often found in the 
measurements. This discrepancy arose partly from the inertia of the 
writing-point and slight bending of the very light lever, and partly from 
the difficulty of determining the exact point at which the contraction 
commences on the gradually rising curve drawn by the muscle... .. 
Allowing for the differences of method already alluded to, this result 
corresponds with those of Fick and Briicke and nearly with that of 
Tigerstedt. Had the latter observer used lower temperatures and 
weaker stimulation he would probably have found a longer mean 
latency than he gives. 


/ 
we 
x 
a 
ty 
“al 
3 
a 


THE LATENT PERIOD. 483 


We may then conclude that the mean duration of the normal 
latency of the entire frog’s gastrocnemius examined in the ordinary way 
is not more than 0065”, that is to say, about one-fourth less than the 
period which has been commonly ascribed to it. 

The shortness of this latent period does not tempt me to join with 
those who consider it “verschwindend klein” or only “scheinbar”. 
Indeed the great regularity of the results and the very small variation 
found in these measurements make me believe firmly that the Latenz- 
stadium must be regarded as an essential phase in muscle-contraction. 


SHOULD WE ADOPT AN INESTIMABLY SHORT MecianicaL LATEeNcy 
FOR THE MuscLE-ELEMENTS ? 


“ Mechanical Latency of the Musele-Elements.” 


If we accept the theory that there is a “ mechanical latent period of 
the muscle-elements” with a duration comparable with that of the 
electric phenomena which precede muscular activity, we must modify the 
commonly accepted explanation of the ordinarily recorded latency, and 
we must cease to regard it as an essential phase in muscle-contraction. 

Some considerations mentioned in the beginning of this paper seem 
to be good prima facie evidence against a hasty acceptation of an 
immeasurably short mechanical latent period, but they do not answer 
with sufficient directness the arguments of Gad, Tigerstedt and | 
Regéczy, so that the views of these authors require to be carefully 
examined. 

The idea that the energy may begin to be developed before its effect 
can be recorded is not new. In his first paper Helmholtz’, having 
criticised the sources of error that might lengthen the latent period, says, . 
“It might even be possible that the energy rises immediately from the 
moment of stimulation, but so slowly that during the period of 0093” 
(in one case) it had only increased to about one gramme.’ Still he 
concludes, “ Wenn ein animalischer Muskel durch einen momentanen 
Schlag gereizt wird, vergeht erst eine kurze Zeit, wahrend welcher die 
elastische Spannung desselben sich nicht merklich iindert, dann steigt 
sie allmahlig zu einem Maximum”.’ 

The views hitherto put forward concerning the significance of the 
latency may be thus briefly stated. 


1 Miiller’s Archiv, 1850, 8. 313. | 2 Ibid. 8, 363. 
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1. That it depends upon delay attributable to the inertia of the 
several parts of the apparatus. (Harless.) 

2. That the time is occupied by the energy overcoming the 
elasticity of the various tissues, including the uncontracted part of the 
muscle, put on the stretch at the beginning of the contraction. (Gad.) 

8. A certain extent of the muscle-tissue must be active before 
the energy is sufficient to become visible; the latent period therefore 
corresponds to the time required by the wave of contraction to travel the 
necessary distance along the muscle-tissue. (Tigerstedt.) 

4. That the “apparent” latency depends partly on the eeeeny 
and partly on the wave of contraction, (Regéczy.) 

5. That the excitation remains latent for a certain time, which is 
required for the necessary molecular changes giving rise to the contrac- 


- tion to take place. 


It may be gathered from the previous pages that a certain part of 
the gross’ latent period, as usually recorded, depends on instrumental 
delay, but no one entertains a doubt—since Harless removed his—but 
that there remains a nett period of latency which’ instrumental inertia 
alone cannot account for. 

To explain this Gad’ assumes that the stimulation of the muscle 
always occurs at one point, and he states “that the part of the muscle 
remote from the point of stimulation is elongated in a marked manner 
before it passes into contraction.” He compares this elongation with 
the stretching which can be seen in an elastic band bearing a his 
when the hand holding its upper end i 18 jerked upwards. 

Mendelssohn’ failed to recognise by the graphic method this 
elongation of an elastic band; “if sometimes,” he says, “there is an 
apparent elongation of the band it must be caused by some false 
movement or start (elan) of the hand at the moment of elevating the 
weight,” It is not quite clear however that Mendelssohn investigated 
the exact point made by Gad, for he seems to have expected a descent 
of the weight attached to the elastic band, whereas Gad meant simply 
that the elastic band stretched, and the weight at first remained behind, 
owing to its own inertia. 

Regéczy * confirms Gad’s view and tests the elongation of a spiral 


1 Not used here in the sense of Rosenthal who includes in his “ Bruttozeit” the 
transmission of the impulse through the nerve. (Arch. f. Anat. und Physiol. 1883, Supple- 
ment. 8. 250.) 

2 Arch. f. Anat. und Physiol., Physiol, Abt., 1879, 8. 250. 

8 Travaux du Laboratoire de M. Marey, tv. p. 115. 

Phliiger’s Archiv, Bd, xui11., 8. 584. 
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spring by the graphic method. With a writing-point attached to the 
weight and a Depréz signal to record the hand-motion, he makes a 
tracing on a rapidly rotating drum while he jerks the upper end of the 
spring. He finds a delay in the movement of the weight corresponding 
to 

As 05” seemed a long period of delay, I decided to test the question 
graphically. Instead of moving the spring with hand (which I feared 
might introduce extrinsic motion), I used a frog’s gastrocnemius as the 
motor power. A weak spring measuring 40 mm. was attached to the 
tendon, and recording levers of the same length, one at the tendon and 
one at the point of attachment of the weight to the spring, were made 
to record in the same vertical line on the plate of the pendulum. The 
point of stimulation was carefully marked for each lever. Weights of 
100 grm., 50 grm. and 20 grm. were tried. The result was a very 
gradual rise of the lever next the weight and an apparently long delay — 
from the inertia of the weight. Careful measurements however showed 
the difference not to be so great as it looked on the tracing. The © 
following was the duration of latency for the tendon of the muscle and 
for the weight, Le. velocity of the wave in the elastic material. 

andary Coil at Weight. Latency of Muscle. Latency of Band. 


11 100 01102 02280. 
50 00969 01568 
5 | 00703 01444 
4 20 ‘00674 01520 
” ‘00646 01634 
00627 ‘01520 

Mean ‘00786 01661 

Latency of muscle 00786” 


Duration of wave in band -00875” 
This period of latency seems to be nearer to that one would expect in an 


elastic body comparable with muscle, than that given by Regéczy, and the 
method has at least the advantage of being free from adventitious hand-jerks. 


That the inertia of a weight can be recognised when attached to an 
elastic band seems too obvious to require confirmation. The energy 
traverses the band in the form of a wave, which must occupy a certain 
time in its transit. | 

It is probable that a wave of somewhat similar character also passes 
along a muscle after it has been stimulated at one point. But the 
important question is, Can such a wave be demonstrated to occur in so 
marked a manner as to explain the latent period ? 
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That this stretching adequately accounts for the latency does not 
appear to be proved in a very satisfactory manner by Gad’s experiments. 
His method is strange, and the tracings he depicts—as typical of the 
latency of the half muscle—are so long that they appear not to be 
applicable to the ordinary latency. The depression in the curve only 
commences ‘012” after the stimulation, and the curve in its ascent 
does not cross the abscissa until a period of -06” has elapsed. That is 
to say, the stretching which should explain the latent period does not — 
appear to begin until an ordinary latency should be ended. 

The writing lever Gad used consisted of two pieces of reed united by 
a needle. He arranged the experiment so “that the needle of the 


- writing lever was stuck through the muscle about its middle, and the 


stimulating current was applied to points, about 1 cm. apart, at the 
under end of it, thus, with not too light a weight (ca. 50 grm.), the 
result was unexceptionally that a depression of the er pre- 
ceded its elevation.”* 

Mendelssohn thinks that the depressions in these tracings do not 
represent the lengthening of the muscle, “mais les irrégularités du 
graphique causées par un arrangement défectueux de la plume.”* 

Gad’s observations are however supported by Regéczy, who with the 
Fallmyographion of Jendrassik found the middle of the muscle to give 
similar curves, and he considers that it is clear from his myograms “that 
the preliminary elongation is certainly not to be attributed to any fault 


of the writing apparatus, but depends on a stretching of the muscle”.* 


I am familiar with occasional slight depressions of the lever during 
the latent period drawn by the entire muscle, and I thought they 
depended on the increased extensibility acquired by the muscle on 
entering the active state, which has long since been shown by Weber 
to be more easily stretched than muscle in a state of rest. I have 
however never seen an elongation comparable with that depicted by 
Gad, which seems to be excessive in amount, and to occur after the 
time usually allowed for the latent period. 

From a careful examination of the curves given by Re géczy it does 
not appear at all clear to me that the depressions depend on stimulation 
of the muscle. 

Tn all but one of these myograms in which the elongation occurs, it 
begins at varying distances before what is marked as the point of 
stimulation, and the depression is visible in eight out of ten tracings 


1 Loe. cit., p, 254, 2 Loe. cit., p. 115, 
3 Loe. cit., p. 291. 
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though from the context only five were stimulated below, and therefore 
only that number should have shown the elongation. 

I have often observed similar irregular depressions in the muscle- 
curve preceding or during the latent period, and have thought them to 
be caused by accidental oscillation of the lever. I regard oscillation— 
which is hard to prevent with very light levers—as a frequent source of 
error in making measurements on the curves drawn directly by the 
muscle-lever. Such vibrations of the lever cannot occur with the 
electric signal, and I think this fact a great advantage in the latter 
method. The explanation of this preliminary elongation of the muscle — 
seemed to demand further careful investigation, on account of its 
theoretical probability and its recent confirmation. : 


Latency of Transfixed Muscle. 

Following Gad’s method (/. c. page 261) the gastrocnemius was 
clamped with the tendon above and the femur below. About the middle 
of the belly of the muscle it was transfixed by a stout needle, which 
also passed through the straw arms of the lever between which the 
muscle hung. Arrangements were made by which the stimulating 
current could be passed, (1) through two points 3 mm. apart at the free 
end of muscle near the femur, (2) through the lower half, or (3) the entire - 
length of the muscle. 

The details of the experiment show a long latent period without any 
material difference to correspond with the position of the stimulation. 


Experiment XVI. Feb. 27. Inverted gastrocnemius, transfixed and at- 
tached to lever at its middle, recording the motions of transfixed point directly 
on plate of pendulum. Weight 20grm. 1 pt. Daniell. 2ndary coil at 6 cm. 


Latency. Mean. 
Stimulation of lower extremity 01816} 


01854 01635 
01835 
Stimulation of lower half 01748 
01672 
02014 


Stimulation of the entire length of muscle 01254 
01672 ‘01566 
Muscle reversed, femur above 1 ‘01776 
In no tracing in the experiment was there a marked elongation of 
any part of the muscle, and the curves seemed to follow the same course 
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and have much the same duration of latent period whether the muscle 
was stimulated at the lower extremity, through its lower half, or 
throughout the entire muscle, The latencies were over 40 mm. long, and 
a fine abscissa drawn so close under the curve that to the naked eye the 
two appeared to form a single line could be seen with a lens to be 
parallel to it for the entire length of the latent period. In two 
tracings the curve seemed to get nearer the abscissa in the second half 
of the latency, but the difference was less than the twentieth of a 
millimetre and could not be measured with accuracy. 

This experiment was not considered conclusive, as the downward 
movement was not constant and only equalled the thickness of the line 
drawn. 

Several other attempts to get regular elongation having failed with 

Interlatent. Elongation. 


Fic. 9. Tracings drawn by lever moved by needle transfixing the muscle about the 
middle, showing interlatent elongation. The 3rd tracing from below, in which no 
contraction occurred, shows that there was no oscillation of the lever. 


the straw levers in ordinary use, a special lever was constructed of two 
thin slips of split cane 7 mm. in width and 5 mm. in thickness, fitted 
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to two points of the axle 3 cm. apart, and united by their flat surfaces 
at a point which was armed with a writing-pen. No oscillation could 
be detected in this lever, and bending from its own inertia seemed 
impossible because of its vertical rigidity and great lightness. 
Expertment XVII. Nov. 5. Temp. 16° ©. Non-curarised gastroc. 


Rana T. 1 Daniell, 2ndary coil at 0 and 25cm. 50 grm. weight hung 
directly from tendon. 


Pac ot Drain Duration o 
f 00940 00998 01938 
Lower end of muscle ‘00959 ‘00827 ‘01786 
00751 01672 
| asc, ‘00950 00456 01406 
Throughout muscle ‘00637 ‘01444 
00883 00561 01444 
: ‘00760 01254 02014 
00950 01140 02090 
00997 01055 02052 
00988 00988 01976 
Lower end of muscle | 00969 01083 02052 
00978 00960 01938 
01026 01045 . 02071 
00931 01197 02128 
00912 01254 02164 
Mean ‘00931 


The degree of extension varied between ‘25 mm, and ‘1 mm. on the curve 
drawn by the lever, which amplified the contraction seven and a half times ; 
i.e. muscle extension amounted to ‘01—‘03mm. In most cases it was too 
small to be measured. 


In this experiment very slight elongation could be recognised in 
every contraction. 

As can be seen from the wood-cut and the table, this stretching 
of the muscle differs from that given by Gad in being less in 
amount and of shorter duration, and from that given by Regéczy 
in the fact that it commences at a definite time after the stimulation. 
Further, it must be remarked that the elongation occurs even when the 
muscle is stimulated throughout its entire length, with any direction of 
current. Gad’s explanation cannot hold good when the point of 
stimulation is placed above the transfixing needle, or when both ends 
are stimulated, as occurs with strong induced currents. 

The elongation occupies the latter half of the latency recorded by 
the half muscle, and possibly causes a slight delay in it, but its 
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appearance with stimulation throughout the muscle is later than the 
end of the latency when measured by other methods which are given 
in detail further on. 

If the upper part of the muscle were stretched while the lower end 
was commencing to contract the latency of the transfixing lever should 
be much longer than that of the entire muscle. 

Thinking the very long latency given in Gad’s curves, and seen in 
the last experiment, might depend upon this, and seeing that in the 
curves drawn by Regéczy, those in which the muscle appears to have 
been stimulated below are nearly twice as long as those where the 
stimulus was said to be applied above, I thought it well to enquire into 
this matter more closely, and test whether the entire muscle, or its half 
remote from the point of stimulation, had the longer latency. 

The relative length of the latency of the whole and the half muscle 
should, if Gad’s view be correct, be completely changed by altering the 
point of stimulation. If stimulated at its lower end, the latency of the 
entire muscle should be relatively short, and that of its upper half 
should be long. If stimulated at its upper end, on the other hand, the 
latency of the upper half of the muscle should be shorter than that of 
its entire length. | 

To test this question the sie used to record the duration of the 
wave transmission in the elastic band was made applicable to the 
muscle by the following arrangement. 

The upper lever was fixed about the middle of the belly of the 
muscle by transfixing it and the two straws of the lever with a stout 
needle. ‘The lever which was at the weight in the former experiment 
(page 435) was attached to the tendon in the usual way, and the muscle 
was weighted with 50 grm. applied directly under the tendon. The 
stimulus was applied by thin wires laid on each side of the part of the 
muscle below the transfixing needle, and was of such strength as to 
ensure direct excitation of the muscle. 

It was to be expected that the lower part of the muscle, being the 
first to contract, would (according to Gad’s view) stretch the upper part 
and draw down the upper lever and show the interlatent elongation. Its 
latency should also be longer than that of the lever attached to the tendon. 
The following measurements show that this was not so in this case. 


Experiment XVIII. Relative latency of the centre and the extremity of | 
thesame muscle. Room temp. 18° 0. Gastrocnemius of R.'T. (non-curarised) 
stimulated at lower part of muscle with 1 pint Daniell ; 2ndary coil at 4 cm. 
50 grm. weight, applied directly under tendon. 
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_ Upper Lever (Half Muscle). Lower Lever (Whole Muscle). 
01197 
‘01159 01140 
‘01102 01026 
01140 
01140 01292 
01178 01140 
Mean 01133 Mean ‘01159 
Difference -00026 


In only one of these tracings could the most careful examination 
detect any elongation of the upper half of the muscle, and in this it was 
only about equal to the thickness of the line. 

The part of the muscle remote from the point of stimulation, i.e. the 
half above the transfixing needle, did not show any delay in its latency 
such as one would expect if it was first stretched downwards by the 
earlier contraction of the lower end. It was thought possible that the 
stimulus was distributed by the nerve endings. 

The slightly greater length of the latency of the entire muscle 
remarked in this case may depend on the fact that the rise from the 
abscissa of the lower lever was more gradual than that of the upper 
curve, and hence it was more difficult to determine the exact point at 
which the contraction began. 

The great difficulty of making exact measurements on the gradually 
rising curves drawn directly by the muscle-lever induced me to substi- 
tute the electric signal for marking the beginning of the contraction in 
determining the relative length of the latency of the whole and the half 
muscle. The muscle being fixed in the Froschunterbrecher a firm 
needle WV was passed through the middle of its belly. Two light bits of 
straw S S were fitted to this needle, and were allowed to hang down 
beside the arms of the straw lever and lie close to the needle JW trans- 
fixing the arms of the lever. This lower needle was supplied with a 
hook a which could be hitched into a small loop in a copper wire b 
extending from the tendon to a cup of mercury below. When this 
hook was hitched into the loop of wire and the straws hung free below, 
the tendon of the muscle was attached to the lever, and the entire 
muscle broke the current. When this hook was unhitched and the 
burned needle holes in the lower end of the straws hanging from the 
transfixing lever were passed over the projecting ends of the needle in 
the lever, then, as in the diagram, the upper half of the muscle only 
could act on the lever, and its contraction, by raising the rod P from 
the platinum, broke the circuit, through P and C, of the signal, and 
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marked the duration of latency of the upper half of the muscle. The 
tendon in this case hung free beneath the muscle and only supported 
the thin copper wire going to the mercurial cup. 


WITTY 


Fie. 10. Showing the arrangement of lever for comparing latency of the whole and half 
‘musele. P, metal contact resting on platinum anvil. C, wire leading to mercurial 
cup. SS, light straws for attaching the transfixing needle to the lever. N and N, 
upper and lower transfixing needles. a, hook for attaching lever to tendon. b, wire 
to mercurial cup for stimulating current. 

Experiment XIX. Relative latency of an entire gastrocnemius (non- 
curarised) and of its upper half. Estimated by the electric signal. Room 
temp. 17°C. Stimulated in different directions by the Berlin coil—2ndary 
coil at 4cm.—supplied by 1 pint Daniell. Signal and Unterbrecher. 


Half Muscle acting b Whole Musel 
Ascending Currents 007037 00608 
00684 00570 
00722 00617 
00779 -00589 
00705 00608 
| Mean = 00706” Mean 00596” 
00665 00570 
00741 00570 
00722 00608 
00684 00598 
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Descending Currents -00798 ‘00617 : 
00836 = 00791” 00598 Mean -00620” 
00741 00646 
- In this experiment the difference between the duration of the 
latency of the middle of the muscle is not so marked as one would 
expect with different positions of stimulation. In neither case are 
they shorter than that of the entire muscle. It appears then that 
the reversal of the currents did not change the position of stimulation. 
Indeed in no case, in fresh muscles containing active nerves, have I been 
able to satisfy myself that the induced current has stimulated at the 
cathode only, no matter how the strength of the stimulus was varied. 

The greater length of the latency of the half muscle may depend 
on its working at a disadvantage upon the transfixing needle. 

Not being satisfied with this result I tested the relative latencies 
of the half and whole muscle, suspended by the femur and heavily 
weighted directly, when stimulated at the upper and lower extremities 
with two separate pairs of electrodes situated 74 mm. and 134 mm. from 
the transfixing needle. 


Experiment XX. November 8. Relative latency of half and whole — 
muscle with varying position of stimulation. Gastroc. of R. Temp. non- 
curarised. Room temp. 14°5°. 50 grm. direct. Berlin coil with 2 Daniels. 
2ndary coil at 6cm. Signal and Unterbrecher. 

Latency of Half Muscle. Latency of Whole Muscle. 


4 


| | 02090 01406 
Stimulated at lower end 01996 01254 
by two electrodes 01938 01330 
01938 01339 
01140 01102 
Stimulated at upper end ‘01140 01054 
by two electrodes 00988 01140 
00988 01111 
From which the following means are found : 
: Lower Stimulation. Upper Stimulation. 
Half Muscle 01990 01064 ‘ 
Whole Muscle 01332 01101 


That is to say, when the muscle is stimulated above, the latency 
of the transfixed point (half muscle) is 00037” shorter than that of 
the whole muscle similarly stimulated, and when stimulated below, 
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the whole muscle has a latency ‘00658” shorter than that ot the 
transfixed point. 

This great difference in the duration of latency appeared to 
coincide with Gad’s view. This however does not explain the variation 
of latency of the whole muscle when differently stimulated, which can 
be better accounted for by the different efficiency of the upper and 
lower parts of the muscle and the time required for the wave of con- 
traction to travel through them. 


From the foregoing observations it may be concluded that :— 

A preliminary elongation of the muscle sometimes takes place when 
the latency is recorded by a needle transfixing its belly. 

It cannot be adequately explained by the partial stretching of a 
locally stimulated muscle, as it is found when the muscle is stimulated 
throughout, or at either extremity. 

The unusually Jong duration of the latency recorded by the trans- 
fixing needle may be explained by the time lost through the disad- 
vantage under which the muscle-tissue acts in thus moving a weight. 

I am therefore unable to accept Gad’s explanation of the elonga- 
tion as quite satisfactory, though no doubt some such local stretching 
would be expected with local stimulation. 

_ The only further explanations I am able to offer for this elongation 
are (1) that by this method of transfixion of the middle of the muscle, 
its earliest contracting efforts cannot be recognised, while the heavy 
direct weight quickly demonstrates increased extensibility of the tissue, 
or (2) that the transfixing needle and electrodes cause some polarisation 
and consequent slight tonic contraction, which may be inhibited on 
stimulation, as Biedermann’ found was the case with muscles under 
the influence of veratrine. This point, however, requires further 
investigation. 

The time at which it occurs is not synchronous with, but subsequent 
to, the latent period as otherwise measured; for it commences about 
‘01” after stimulation. 

This elongation cannot snerelore be the cause of the 
latent period. 7 


. «LATENCY OF THE TRANSVERSE THICKENING OF MUSCLE. 


If a local contraction capable, in Gad’s sense, of causing a stretching 
of other parts of the muscle occurs within the earlier stages of the 


1 Siteungsberichte der k. k. Akad. der Wissenschaften, Wien, 1885. Pt. 11. p. 142. 
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latent period there must be a corresponding local Tn of the 
contracting part of the muscle. 

If Tigerstedt’s view, that the delay is caused by the fraétaiesion 
of the wave of contraction, be true, the start of the wave should have 


practically no latency, and one should be able easily to reduce the | 


latency to Regéczy’s minimum, viz. 0006”, by local examination. 
It suggested itself to me that the simplest way of testing these 
questions was to find out the period at which the earliest indication 
of thickening can be recognised, ie. the latency of the initial wave 
of contraction at its very startin g point.. 

Before describing these experiments, however, Tigerstedt’s views 
must be examined in detail. 

The statement that “the mechanical latency of the single muscle- 
elements may be inestimably short (verschwindend klein) and the 
latency of the entire muscle may depend upon the fact that a great 
number of muscle-elements must work together in order to call forth 
an outward and visible mechanical action”, seems little more than a 
repetition in other words of the possibility already (page 433) quoted 
from Helmholtz, which as far as I know has never been disputed. 

But Tigerstedt further explains the short theoretical latent period 


that he adopts ('004”) as depending upon the time occupied by the ~ 


transmission of the wave of contraction along 12 mm. of the muscle. 

The steps in the argument by which nes arrives at this conclusion 
are briefly as follows: 

_ He accepts a view, which he ascribes to Biedermann, that 
“induced as well as constant electric currents can cause excitation 
only at the negative pole”. 

He adopts 3 m. per sec. as the speed of the wave of excitation 

(Erregung). | 
Taking 004” as the latency, he estimates that this wave has tra- 
velled along 12 mm. of the muscle during this period. 

“The elements which make up this 12 mm. of muscle are not al 
found in the same degree of contraction (Zusammenziehung), those first 
stimulated being most contracted, the next less, and so on to the last, 
at which point the wave is just arriving and the elements are only 
just commencing to contract. The sum of the various degrees of 
energy exhibited by all these elements is needed to give rise to visible 
motion and terminate the period of latency.” 

In order to prove the correctness of this view, he measured the 
latency of a sartorius muscle and found it to be 0046". He then 
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proceeded to shorten the muscle gradually by cutting pieces from it. 
When the muscle had been made shorter than the required 12 mm. he 
found that its latency had become considerably longer. | 
This he explains as follows. 
If the line ac represent the muscle on which the portion ab measures 
12 mm. when the muscle is cut at # and the part aa is made to contract, 


b 


T 


the latency is prolonged because the energy of the elements in ab is 
lost and the elements in az have to attain a greater degree of contrac- 
tion before it suffices to shorten the muscle and move the lever. This 
seems to imply that the latency of the whole muscle equals the 
mechanical latency of the elements plus the time required for the 
passage of the excitation over a distance of 12mm. But he thinks 
the latency of the entire muscle is only 004’, which is just the time 
required for the wave to travel 12 mm. of muscle tissue, therefore the 
latency of the elements is immeasurably small. 

In order that this line of argument should have any force it must be 
assumed that Tigerstedt’s theory as to the latency of the muscle- 
elements is correct; i.e. that the contraction of a given element begins 
at once on stimulation. This however cannot be admitted without 
allowing that the wave of excitation apd the wave of contrac- 
tion—terms which he uses as synonymous—are synchronous. But 
this is in direct contradiction to the general opinion held on this 
subject. The velocity of these waves has been frequently measured by 
- various careful observers, and none has found that the contraction- 
wave started at the moment of stimulation. One of the fundamental 
points settled by Bernstein, and acceded to by Hermann and others 
who have since investigated the question, was that the wave of ex- 
citation preceded the wave of contraction, and the latter followed, 
at about the same rate, after a delay caused by the latent period. 
Bernstein emphasises the statement that “every muscle-element 
accomplishes the process of negative variation before it 
passes into the condition of contraction”, In his recent compre- 
hensive work (which came into my hands, by the kindness of Mr Gotch, 
just before going to press) Bernstein, after reviewing Tigerstedt’s 
paper comparing the mechanical and electrical latency, confirms his 


1 Loc. cit. 60 & 92, 
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former opinion, and states “dass die Latenzen beider Vorgdnge Grossen 
von sehr verschiedener Ordnung sein miissen”* 

He and other observers accept about ‘01” as the time after the 
stimulation at which the wave of contraction starts (latent period of 
the contraction-wave), although in their measurements its duration is 
frequently longer. This is not to be wondered at, because with the 
older graphic method (making the muscle write its contraction with 
_ @ heavy lever on the recording surface) there must have been instru- 
mental delay, and one could imagine that the very first effort of the 
elements at the point of stimulation was not recorded, as the total 
thickening of the muscle is not great. 

The electric signal can by delicate adjustment be ails to clearly 
record the very least initial thickening of a muscle, and therefore 
appeared admirably well suited to settle the question. Indeed this 
method seemed to me to be the most likely-to give positive evidence 
as to when the contraction-wave started from the point of stimulation. 

With this object I examined the transverse thickening of a muscle 
at varying distances from the point of stimulation. The same general 
methods employed in the former experiments were used, with the 
exception that the muscle (m, fig. 11) was placed on a small horizontal 
plate transversely under the light lever of the Froschunterbrecher. 
The support on which the muscle lay could be raised or lowered with 
great precision—the lever and its contacts remaining unmoyved—by 
means of the fine screw of the muscle-forceps which grasped its arm 
(1); the lever could thus be made to rest lightly on the muscle when 
the contact was made. 


Latency of Thickening with varying Stimulation and Pressure. 

The following measurements were taken in some preliminary 
experiments made with varying stimulation to ascertain the best degree 
of pressure on the muscle. About 10 grm. axial weight seemed to give 
pretty uniform results. 

Experiment XXI. 17th Feb. Room temp. 13°0. Sartorius of curar- 
ised Rana T. Stimulated by Berlin Inductorium and two Daniells, 2ndary 
coil at lem. Electrodes 1-5 mm, apart, fixed on glass slip applied to lower 
surface at proximal end of muscle, Unweighted lever of Unterbrecher 
touching muscle 8 mm. from electrodes. Cambridge signal. 

Mean latency 01395” 


? Untersuchungen aus dem Physiol, Inst. d, Univ, Halle, 1888, 8. 96, 
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Experiment XXII. 17th Feb, Room temp. 13°5°C. Adductor 
of curarised Rana T. All conditions same as last — 


No. Latency. 
1 ‘O1111 
2 -0098 

Mean 01046 


Expertment XXIII. 22nd Feb. Room temp. 13°C. Gastrocnemius 
of R. T. non-curarised. Attached to bone and left covered with skin. Stim- 
ulated by Berlin Inductorium with two Daniells. 2ndary coil at 4 cm. 
Electrodes on under surface near extremity of muscle. Direction of current 
varied. Lever of Unterbrecher across muscles 4 mm, from its femoral 
attachment, 3 mm, from point of stimulation. Cambridge signal. 


Ascending Currents, Descending Currents. 


00893 00959 
00988 00764 


‘01026 00684 
00798 ‘00798 


00874 

00764 

00874 

00950 

00912 
Mean for ascending currents ‘00926 
9) descending 99 00833 


In this, as in the previous experiment, a considerable latent sutind 
was found close to the point of stimulation. This certainly could 
not depend on the transit of the wave of contraction. 


Experiment XXIV. Room temperature varying from 11°0O. to 13°C. 
Curarised gastrocnemius of Rana Temp. Stimulated through Berlin coil 
(2ndary coil at 24 cm.) and thermic pile. Electrodes on muscle 2 mm. dis- 
tance from lever. Unterbrecher and Cambridge signal. 


Weight of Lever only pressing on Muscle. 
1. 01292” 2. °01672” 3. 01748” 


1-0 grm. was then added to the axis, i.e. -1 grm. pressure on muscle. 


1. 00845. 4. 00646 
2, 00874 5. 00912 
3. 00836 6. 00836 


Omitting the first series in which the pressure was not quite sufficient, we 
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find a mean of 00823”, a duration to be expected considering the low tempera- 
ture of the room and the unilateral local stimulation. 
Latency of Thickening at Point of Stimulation. 


In order to determine this point the negative stimulating electrode, 
composed of a curved slip of platinum foil (c) 4 mm. wide, was fixed to 
the lever and embraced the upper surface of the muscle (m); the other 
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Fic. 11. Diagram to show the modification of the Unterbrecher used in determining 
the latency of the transverse thickening of muscle at the point of stimulation. m, 
muscle lying on arm of adjustable L-shaped support, /. Stimulation by the two wires 
passing from under muscle to the left, or by current between these and the plati- — 
num plate over muscle at c, and mercury cup under n. | 


electrode, consisting of two thin copper wires 2 mm. apart cemented to 
the glass plate, lay under the muscle about 2 mm. nearer its lower 
extremity. The current thus passed obliquely through the muscle in 
different planes immediately under the lever. The muscle was free 
and unweighted, and had ‘therefore no opposing force to overcome. 

Now if the contraction-wave began at the moment of stimulation 


% 
A 
| 
‘ 
zs. 
~ 
£ 
t 
% 
SS 
— x= on 
i 
3 
on 
Pins, 


450 G. F. YEO. 


this method would record an extremely short or no latency; for the 
very slightest thickening of the muscle breaks the circuit of the signal. 
The mechanical effect of the very first contraction of the elements in 
the sections of the muscle through which the _—" current 
passes would suffice for this, 


Latency of Transverse Thickening of Muscle with varying weights. 


In order to test the influence of the tension of the muscle on the 
duration of its latency the following experiment with varying weight 
was performed. The femur was firmly fixed by a small staple to the 
upright part (/) of the L-shaped support, and weights varying from 
10 grm. to 50 were applied to the tendon passing over the pulley at 
the edge of the horizontal plate. 


ExperiMest XXV. 10th Nov. Non-curarised gastrocnemius of R. T. 
Room temp. 18°C. Stimulated by Berlin coil—2ndary at 4 cm.—-supplied by 
1 pint Daniell. Cambridge signal; modified Unterbrecher pressure on muscle 
‘3 grm. Commencing with no extension and working sf to 50 grm., then 
back again to lever. 


No. Weight. Duration No Duration. 
1. 00484 2 36. 00456 
2, 0 00475 35. 00456 
3. 00484 34. 00456 
4, 00484 33. 00570 
5, 10 00475 32. ‘00570 
6. 00494 31. 00598 
00522 00608 
8. 20 00523 29. 00570 
9, 00598 28. 00598 

10. 00617 27. 00608 

11, 30 00627 26. - 00589 

12. 00570 25, 00674 

(00646 24. 00731 

00703. 23. 00684 

15. 

16. 00836 1. .. 
17. 50 00912 20. 00674 

18, 00798 00684 
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| From which the following means may be calculated : 
Extension in Grammes. Duration of Latency. 


0 00479 
10 00544 
20 00569 
30 00614 
40 00691 
50 | 00763 


Increasing the tension from 0 to 50 grm. gives a difference of dura- 
tion equal to 00284”. It has already been shown that this — on 
the inertia of the directly applied weight. : 
| | At a temperature which must be regarded as high for a winter frog’s 


muscle (18°C.) the wave of contraction does not start before 00479”, 
even when there is no elastic tension to overcome. 
This form of stimulation gives a shorter latency than she it: is + 
applied to one side of the muscle only. 
_ Thinking that exception might be taken to the direction of the 
stimulating current passing nearly transversely across the muscle, I 
varied the experiments as follows. By means of two separate similar 
induction coils arranged in series leading, respectively, to electrodes at 
the extremities and at the sides of the muscle, and supplied by 2 ee 
Daniells, I stimulated the same muscle, 
1, Transversely only, 
3. In both directions synchronously, 
ExrerIMENT XXVI. 12th Nov. Latency of thickening of muscle with 
varying stimulation. No extension of muscle. Pressure of lever = 1 grm. 
Non-curarised gastrocnemius, Room temp. 16°5°C, Twin induction instru- 
ments—2ndary coils home. Oxford signal. 


Mean Latencies 
Stimulated transversely 00484 
longitudinally 00513 


pe in both directions simultaneously "00494 


The last kind of stimulation proved so intense that anes the two 
applications the muscle showed signs of fatigue. 

The remarkable similarity of these latencies seems to put nie 
doubt the fact that the wave of contraction does not start for about 
0049” even after strong double stimulation, When started at both 
ends of the muscle (as no doubt occurs with strong induction shocks) if 
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the stimulation is propagated as a wave, its rate must be much quicker 

than that found when the muscle is stimulated locally, because it ap- 

pears to travel from the extremities of the muscle to its middle—a 
distance of about 12 about 00046” ora metre in 0038”. 


From the series of I feel in coming 
to the following general conclusions. 

1. That the end of the latent period can ‘es more accurately 
- measured by the electric signal than by using the tracing drawn by the 
muscle. The measurements of the signal tracings are more easily 
measured, much more constant, and leave less to the uncertainty of 
personal judgment. Regéczy objects to the signal method because he 
thinks the muscle has to be “tiberlastet”, but when’ the support — 
given to the lever by the platinum anvil is so slight that, the least 
vibration in the table suffices to cause the elasticity of the muscle to 
come into play and raise the lever enough to move the signal, the 
muscle cannot be said to be “iiberlastet” in the sense in which | 
Helmholtz used that term. The delay caused by this slight touch of 
the contact point when finely regulated, I am satisfied does not exceed 
00001”. 

2. I can confirm the observations of Marey, Place, Mendelssohn 
and Tigerstedt, which state that the increased duration of latency 
which accompanies increased weights, when hung directly to the tendon, 
does not occur so regularly when the weight is suspended by an elastic 
spring. And further I find that if the effect of the inertia of the 
weight be minimised, by suspending it by an elastic band from the 
axle of the lever, difference of tension no longer seems to influence the 
latency. This appears to be an argument against Gad’s theory; for a 
difference of tension must cause a basics in the coefficient of elas- 
ticity of the muscle. 

8. With increasing intensity of hnsleiies the duration of the 
latency rapidly decreases so long as the stimulation is submaximal ; 
with moderate maximal stimulation it slightly decreases; but with 
injurious or hypermaximal stimulation the latent period Sesion longer. 
I fail to find an explanation of these facts consonant with the theories 
of Gad or Tigerstedt, while they may be easily accounted for if the 
latent period is — in the performance of invisible molecular 
changes. 
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4. The mean duration of the period of latent excitation of a frog’s 
gastrocnemius estimated by the contraction of the entire muscle is about 
0065". This may easily be reduced to 0033” by elevation of temperature 
together with other circumstances which tend to hasten the molecular 
changes. A temperature below 13°C. or above 16°C. has so marked 
an effect on the length of the latency, that they must be used with 
caution in determining a mean. : 

5. A slight elongation may be found in the curve drawn by a 
lever attached to the belly of a muscle by transfixing the tissue if the 
muscle be extended directly by a heavy weight (over 50 grm.). The 
elongation of the muscle commences after the ordinary latency is over, 
and therefore cannot have any causal relationship to the latter. It 
cannot increase the duration of the latency more than about ‘0016”; 
ie. the difference between the latency when measured longitudinally 
and transversely. | 

6. The explanation of this elongation may possibly be found in the 
increased extensibility of the muscle when passing into the state of 
activity, or it may depend on the inhibition of tonic contraction. The 
partial stretching of the muscle does not seem to be an adequate 
explanation, since it occurs when the entire muscle is stimulated. : 

7. The nett latency found by allowing the thickening of the muscle 
at the point of stimulation to break the circuit of the signal is, without 
extension, about 0050”. 

8. The wave of contraction does not start from the point stimulated 
until about ‘005” has elapsed after the stimulation; therefore the time 
taken by its transmission along the muscle cannot explain the latent 
period. 

9, By the methods here employed, less than 004” has not been 
recorded as the normal duration of the latent period; and no reliable 
measurement (without heating) of a less duration can be found in 

ordinary records. It seems clear, then, that there is a period of some 
005” (nett latency) during which certain molecular changes, necessary 
for its energy to become visible, take place in muscle, The influence 
of the elasticity of muscle or the rate of propagation of the wave of 
contraction can only come into operation subsequently to this period. 

10. The latency of the individual muscle-elements is a theoretical 
speculation which appears difficult to determine by experimental 
‘method, and which I feel disinclined to investigate. Graphically I think 
it cannot be shown to be shorter than that observed at the actual point 
of stimulation—i.e. nearly 005”. 

PH. IX. . i 31 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1887. 


No. VI. 
Ktne’s CoLLecE. December 17. 


1. Mr Jackson made a preliminary Communication concerning 
the presence of CO in expired air. He believed he found it to be 
present in quantities sufficient to explain the injurious influence 
exercised by expired air on animal life. 


2, Prof. CROOKSHANK gave an account of the manner in which he 
was led to conclude that the so-called Hendon Cow disease was really 
true Vaccinia and not connected with the contagion of Scarlatina. He 
demonstrated the mode of growth and histological appearances of the 
organism supposed to be characteristic of the disease. 


$. Remarks “On the action of the nerves which dilate the pupil,” 


_ by W. H. Gaskett, M.D., F.RS. 


The dilation of the pupil caused by stimulation of the cervical 
splanchnic nerve is usually explained by the hypothesis that this nerve 
contains motor fibres for a special dilating muscle. Gruenhagen has 
suggested as another explanation that the dilation is mainly due to 
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constriction of the blood vessels of the iris. The third view is one 
which, as far as I know, I was the first’ to suggest, viz. that the nerve 
acts on the sphincter muscle and not on any dilator muscle and is the 
inhibitory nerve of the sphincter, dilation taking place when it is 
stimulated because the sphincter is normally in a condition of tonic 
contraction and also because the posterior limiting membrane is elastic 
in character and a considerable tension exists in the globe of the eye. 

Further the action of an inhibitory nerve appears to be the reverse 
of that of a motor nerve not only in its immediate effects but also in its 
more lasting permanent after-effects. If then the cervical splanchnic 
nerve is the inhibitory nerve to the sphincter muscle that inhibition 
ought to be followed by an after-effect of the opposite character which 
would be ‘especially manifest if the inhibition had been long 
continued. Such a marked after-effect I have lately had an opportunity 
_of observing, owing to the kindness of Mr Langley. The experiment 
was as follows. 


Nov. 22, 1887. The right cervical splanchnic nerve of a cat was cut by 
Langley about 12.30 p.m. and the peripheral end was stimulated at intervals 
for 4 hours by him for the purpose of making observations upon the secretion 
of the salivary glands. At each stimulation he noticed a marked dilation of 
the right pupil; at the end of the time ie. 4.30 p.m. the animal was killed 
with chloroform ; the head was cut off and placed in my hands at 5 p.m. 
The difference in size of the two pupils was enormous; on the left side (the 
non-operated side) the dilation was extreme, on the right side the pupil was 
in a state of moderate contraction ; thinking it possible that this contracted 
condition of the right side might be caused in part by some post-mortem effect 
passing along the right oculomotor nerve I lifted the brain and cut the III™ 
nerve and then removed the brain and its nerves. No effect however was 
_ produced on the size of either pupil by this operation. Up to 6 p.m, the 
pupil of the right side continued steadily to diminish in size while the 
excessive dilation of the left side had hegun to pass off. Next morning at 10 
a.m. the difference between the two pupils was still very marked and they did 
not become equally small until the day after (24 Nov.) at 1 p.m. Accurate 
measurements of the two pupils were taken except on the evening of Nov. 22, 
and the head of the cat was kept in a plate outside the window and covered 
with blotting paper moistened by normal saline solution. The weather at the 
time was frosty at night. In the following table I give the measurements of 
the long and short diameters of the two pupils ; all the measurements were 
accurately made except on the first day. 


1 This Journal, Vol. vit. p. 37. 
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Time |- Long diameter Short diameter 
R. pupil L, pupil R. pupil L. pupil 
- sis 7 mm. 13 mm. 4°5 mm. 11 mm. 
p.m. | 
Bhi: 4°5 mom. 8 mm. 15mm. | 45 mm. 
45mm. | 6mm. 15mm. | 3 mm. 
: | lpm. | 5mm. 5mm. | 15mm. | 15 mm. 


After Nov. 24th I noticed that I could dilate either pupil by simply — 
pressing on the cornea with my finger. 


I have thought it worth while to mention this single observation to 
the Society, because it seems to me difficult to explain so marked an 
after-contraction of the sphincter muscle consequent upon a long series 
of stimulations of the cervical splanchnic nerve except upon the 
supposition that that nerve innervates the sphincter muscle, in other 
words is the inhibitory nerve of the sphincter muscle. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 
1888. 


No. I. 
University CoLLeGe. February 11. 


1. Drs Martin and Dawson WILLIAMS made a communication on 
the influence of the bile on pancreatic amylolytic digestion. 

Varying percentages of pig’s bile in a solution of starch (2 per cent.) 
were used, and glycerine extract of pig’s pancreas added. A control 
experiment was always made with bile and starch alone. It was found 
that the iodine-reaction of starch disappeared more rapidly from the 
solution containing bile and pancreatic extract than from that containing 
pancreatic extract alone, and that the rapidity of this disappearance was 
proportionate to the amount of bile present up to 4 per cent. of bile, 
beyond which experiments were not performed. 


2. Professor SCHAFER gave an account of his-experiments on the 
electrical stimulation of the visual area of the cerebral cortex in the 
monkey. These experiments show that conjugate deviation of the eyes 
to the opposite side is produced by stimulation (1) of the posterior limb 
of the angular gyrus and of the upper end of the middle temporal gyrus 
(with which it is directly continuous); (2) of the quadrate lobule ; (3) of 
the whole extent of the occipital lobe including its mesial and under 
surfaces, all of which are probably to be included in the visual area. 
They further show that the character of the deviation differs according 
_ to the part of this area to which the electrodes are applied, and that 
according to the difference in character the area may be divided into 
three zones, an upper or anterior, a middle, and a lower or posterior. 

Stimulation of the upper or anterior zone, which includes the 
posterior limb of the angular gryus, the upper end of the middle 
temporal, the adjoining portion of the external surface of the occipital 
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lobe behind the external parieto-occipital fissure, the upper part of the 
mesial surface of that lobe and the quadrate lobe, causes besides the 
lateral deviation a downward inclination of the visual axes which is 
most marked when the electrodes are applied at and near to the 
mesial surface. 

Stimulation of the middle zone, which includes most of the external 
convex aspect of the occipital lobe but diminishes in size towards the 


great longitudinal fissure and is continued on to the mesial surface as a 


comparatively narrow strip, causes simple lateral deviation. 

Stimulation of the posterior or inferior zone, which includes the 
posterior extremity, the lower part of the mesial surface and the whole 
of the under surface of the occipital lobe, causes besides the lateral 
deviation an upward inclination of the visual axes which is also most 
marked when the electrodes are applied at and near the mesial surface. 

If as is most probable these movements are due to subjective visual 
sensations, they would appear to indicate a connexion of such a kind 
between the visual area of the cortex and the retina as might be 
expressed by supposing the visual areas of the two sides to be united in 
the middle line and each retina to be expanded and projected in its 
normal position over the whole united area. If this be done it is seen 
that the inner half of the one retina and the outer half of the other will 
each correspond with one half of the united area, the upper and lower 
parts of each retina with the upper and lower parts of the united area 
respectively, and that the more central portions of both retinas will 
correspond with those parts of the united area which are formed from 
the mesial surfaces of the hemispheres. Also that every pair of 
“identical points” of the two retinas will correspond with one and the 
same spot of the cerebral visual area. 


3. Professor SCHAFER also brought before the Society the results 
of experiments instituted for the purpose of determining the relative 
period of latency of the ocular muscles on excitation (1) of the so- 
called motor or psycho-motor area in the frontal lobe; (2) of the so-called 
sensory or psycho-sensory areas (visual, auditory ?) in the occipito-angular 
and superior temporal regions. These results showed a marked pro- 
longation of the latency period in the latter case as compared with the 
former, indicating in all probability a less direct action upon the lower 
centres concerned in the setting in action of these movements, one other 
centre at least intervening in the case of stimulation of the posterior 
areas as compared with the anterior. The idea which would naturally 
occur with regard to this extra centre is that it is the anterior 
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(psycho-motor) centre itself, which is set in activity by the action of the 
4 posterior (psycho-sensory) centre. But that this is not necessarily the 

a.. case is proved by the fact that even after the most complete removal of 
the anterior centres, stimulation of the a centres still causes the 
ocular movements. 


_ 4 Own ‘Secretory’ Fibres in the Sympathetic Nerve supplying the 
Parotid Gland of the Dog, by J. N. LANGLEY, F.R.S. 

It is usually said that the parotid gland in the dog receives ‘trophic’ 
but no ‘secretory’ nerve-tibres from the cervical sympathetic, since in 
rare cases only has a stimulation of the sympathetic been observed to 
| cause a secretion of saliva from the parotid gland. 
| In fact, however, the parotid under certain conditions secretes with- 
| out fail on sympathetic stimulation. When the tympanic nerve is 
stimulated, the gland is left for some time after the secretion has ceased 
in a condition in which stimulation of the sympathetic in the neck 
produces a fairly quick flow of saliva. The rate of flow decreases 
rapidly after about fifteen seconds. When the sympathetic stimulation 
is protracted, or when the sympathetic is stimulated for short periods 
with short intervals of rest, it soon ceases to give any secretion; it can 
however be again made effective by stimulation of the tympanic nerve. 
Within limits the amount of secretion brought about by sympathetic 
stimulation is greater the sooner the stimulation takes place after 
stimulation of the tympanic nerve. During the secretion which is 
produced by pilocarpin, stimulation of the sympathetic causes for a 
brief period an increased flow of parotid saliva; when the stimulation 
is prolonged, the secretion stops; after a short interval sympathetic 
stimulation will again increase the flow. _ 

These facts show I think that secretory fibres for the parotid gland 
are always present in the cervical sympathetic nerve ; and they indicate 
that the secretory fibres are non-effective unless the gland is, or has 
been a short time previously, supplied with a considerable amount of 
oxygen. I had expected that the effect of increased blood-flow through 
the gland would be readily settled by injecting atropin and then 
observing whether stimulation of the tympanic nerve would cause 
subsequent stimulation of the sympathetic to cause a secretion. I 
found that a small dose of atropin, about 5 mgr., was sufficient to 
prevent the sympathetic from producing a secretion under these 
conditions, but on the other hand there were indications that the 
sympathetic as well as the cerebral secretory fibres had been paralysed. 

The relations of the sub-maxillary and sub-lingual glands to their 
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cerebral and sympathetic nerves are of a similar nature to those de- 
scribed above for the parotid. The sympathetic saliva is largely 
increased in amount by previous stimulation of the chorda tympani. 
It is also increased—though to a much less degree—by previous stimu- 
lation of the chorda tympani after a small dose of atropin sulphate has 
been injected into a vein. But the effect of increased blood-flow in 
these glands as in the parotid requires further working out. This _ 
together with a discussion of the bearing of the results on the theory of 
secretory nerves must be reserved for a later and fuller communication. 


5. Dr Marcet communicated the results obtained, so far, from 
an investigation in progress on normal respiration, and directed the _ 
attention: of the Society to the occlusion of a proportion of the air 
inspired. He also insisted on the importance of considering the volume 
of air breathed in proportion to the carbonic acid expired. He finally 
took a tracing of human normal respiration before the Society, and 
another of a person breathing i in and out the air of ten litres during a. 
period of very nearly six minutes. 


6. Dr HALLIBURTON made a preliminary communication on the 
proteids of lymph cells obtained from lymphatic glands, and their 
influence on the coagulation of dilute salted blood plasma. One of 
these proteids, of the nature of a globulin, was found to possess a very 
marked accelerating influence on the coagulation of such plasma. It is 
coagulated by heat at a temperature of 75°C., the temperature at which 
_ the activity.of fibrin-ferment prepared in the usual way is destroyed, 
and the theory was advanced that this cell-globulin as it may be 
termed, and the fibrin-ferment which is formed by the disintegration of 
white blood ‘corpuscles in shed blood, and the globulin with fibrinoplastic 


properties obtained by extracting washed blood clot with a saline 
solution, are all identical. 
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OF THE 


PHYSIOLOGICAL SOCIETY, 


1888. 


No. II. 
OXForD, March 17. 


1, Dr MacMunn made the following communication :—“On 
Urohaematoporphyrin and other Pigments.” 

In a paper published in Proc. Roy. Soc, No, 208, 1880, and in a 
subsequent one published in Journal of Physiology, Vol. vi. Nos. 1 and. 
2, I endeavoured to trace the origin of some of the urinary pigments to 
their source—haematin and the bile pigments, The present investiga- 
tion was undertaken in order to settle some points left undecided. 

Other observers have not paid attention to the feeble bands in the 
red half of the spectrum (to which I called attention in the above 
paper) when dealing with these urinary colouring matters, and it is 
only by a careful study of these feeble bands and the changes which 
they undergo with reagents that we ean prove the identity or non- 
identity of one pigment with another. _ 

The following reagents were added to the solutions of the pigments 
under discussion :—(1) ammonia, (2) ammonia and zine chloride, (3) 
zinc chloride alone, and (4) caustic soda. These reagents bring about 
characteristic alterations of the spectra of the solutions of the various 
colouring matters, of which the following are studied: normal and 
pathological urobilin, urohaematoporphyrin, hydrobilirubin, the reduction 
and oxidation products of haematin, and stercobilin. 

The investigation is not yet complete, but at its present stage the 
following conclusions seem justifiable :— 

(1) Two entirely distinct substances have been included by 
physiologists under the name of urobilin, namely that of normal 
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and that of pathological urine. These are easily distinguished from 
each other, and it is no longer advisable to confuse them together. 

(2) Hydrobilirubin is not identical with either. 

(3) While normal urobilin seems to be identical with a pigment 
which can be produced by the action of peroxide of hydrogen on acid 
haematin and subsequent brief reduction with sodium amalgam, 
pathological urobilin cannot be as yet definitely traced to its source, 
although very closely related to normal urobilin. 

(4) Hydrobilirubin and human stercobilin are not identical. 

(5) Stercobilin and pathological urobilin appear to be closely 
connected, but there is reason for supposing that both are derivatives 
of haematin, not directly of bile pigments. 

(6) Urohaematoporphyrin is beyond doubt a setuction product of 
haematin, and the urobilinoidin of le Nobel’ appears to be its chromogen, 
and this chromogen is present sometimes in pathological urine. So far 
urohaematoporphyrin has been found in the urine of rheumatismn, so 
called idiopathic pericarditis, Addison’s disease, cirrhosis of the liver, 
croupous pneumonia, Hodgkin’s disease, measles, typhoid fever and_ 
meningitis, These and other results will shortly be published in 
extenso. 

It may be mentioned that le Nobel has arrived at the conclusion 
that Maly’s hydrobilirubin is not identical with Jaffe’s urobilin. In 
1883’ I arrived at the same conclusion, but I found in the faeces 
of the cat. a pigment which seemed to be identical with hydro- 
bilirubin ; the stercobilin of man seems to be however different, as 
stated 

There is one point about urohaematoporphyrin not noticed by 
le Nobel, namely: the band at F in its spectrum is not removed 
by ammonia, whereas it jis removed in the case of the urobilins, 
and in hydrobilirubin. Stercobilin — with urobaematoporphyrin 
in this point. 


2. Mr Gorcu detailed the results of some experiments on curarised 
Torpedoes. These confirmed the remarkable fact, to which attention 
was drawn by Armand Moreau’ in 1862, that the electrical nerve 
endings are not affected by curare. 

- A number of torpedoes, fifteen to twenty, were curarised: small fish 


1 Arch. f. d. Ges. Physiol. Bd. xu. 1887. 
* Proce. Roy. Soc. No. 226, 1883. 
* Moreau, Annales des Sciences Naturelles (Zoologie), Vol. xv111. 1862, pp. 12, 13, 14, 27. 


“ 


j 

6 

“a 
> 
an 

> 

oF 

big 

Ag 

> 


SOCIETY, MARCH 17, 1888. | vii 


just born being used for the purpose. The fish were easily curarised — 
by the subcutaneous injection of about half a cubic centim>tre of a 
1°/, solution of curare, the injection being made under the dorsal skin 
near the tail. 

In less than three hours the fish were quite curarised, showing 
no movements in response to excitation of the skin, spinal cord and 
motor nerves, but a reflex electrical discharge of the organ followed 
mechanical irritation of the skin or electrical stimulation of the brain. 
This was as marked after three hours as it was in the uncurarised 
State. 

Thus three small torpedoes, a, b, and c, were curarised as above, ~ 
The electrical discharge of the organ following mechanical irritation 
of the skin was observed galvanometrically before curare and during 
curare. For this purpose each fish was placed with its ventral surface 
on a pad of filter paper soaked in sea water and this upon a glass 
plate: a second similar pad was placed upon the dorsal surface of the 
two organs. A galvanometer of high resistance was connected with 
the pads by non-polarisable electrodes, and the fish excited by the 
pressure of a glass point upon the edge of the fin. The electrical 
_ effect was so pronounced that only one thousandth part could be led 
through the galvanometer. 


Before curare. 


Galv. z?y5- @- 200; repeated 130 deflection on scale. 
b. 250; 170 
230 ; 220 ” 


Three hours after curare. 


Galv. 180; repeated 110 deflection on scale. 
b. 400; 415 
c. 220; 240, 


Examination of the fish showed that they were completely curarised, 
excitation of the spinal cord and nerves producing no muscular move- 
ments. 

Experiments were now made to ascertain the nature and time 
relations of the excitatory response of the organ in curarised fish 
following the application of a single wenratens to the ganglionic mass 
composing the electrical lobe. 

In order to ascertain the interval of time between excitation of 
the lobe and the development of the electromotive change in the 
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organ the fast travelling rheotome was used’. This instrument in its 
movement opens three electrical keys in quick succession. The first 
key K, breaks the primary circuit of an induction apparatus, thus 
giving a break induction current which was led into the electrical 
lobe of the brain. The second key K, when closed afforded a short 
circuit for the galvanometer, and its break thus connected this instru- 
ment with the rest of the circuit and consequently with the preparation. 
The third: key K, was placed directly between the preparation and 
the galvanometer, and its break thus disconnected the instrument. 

By moving the position of these keys any desired “period of 
closure” of the galvanometer could be obtained at varying intervals 
of time after the passage of the induction shock. 


Experiments. A small curarised torpedo was connected in the 
manner previously described with the circuit of the galvanometer, and 
the brain exposed. A pair of fine-pointed platinum electrodes were 
placed upon the surface of the electrical lobe and the induction shock 
led through these. The following tables show at what intervals after 
excitation of the lobe the electromotive change in the organ was 
observed. 


Period of closure K2—Kg Ke--Ky 


Defliections on scale. 


Galv, jy shunt 0 0 0 +@ 
Thy Shunt +425 +10 
04—-045 | -045-—-05” 
Galv. shunt 
+220 +130 


Period of closure | ‘0375—04" | “04—0425" | 0425-7045” | | 0475-05” | | -05256—055" 


- Galv. 0 +155 +48 +8 0 
» the +14 +218 +153 | +6 


In another preparation a less pronounced effect was produced, and 
it commenced later. 


1 See Gotch, Phil. Trans., 1887, p. 504, “On the electromotive properties of the 
electrical organ of Tor. pedo marmorati.” . 
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ix 
3 Period of | | 04-0425" | -0425—-045” | -045—0475" | -0475—-05” | -05—0525" | -0525—"055" | -055—0575” 
|  Galv. 7, 0 0 0 +48 +472 | +451 +36 + 25 


Other experiments on small curarised torpedoes gave similar results, 
the stimulus in all cases being just adequate to evoke a constant 
response of the organ. It would thus seem that under these conditions 
the response of the organ to single excitation of the electrical lobe 
commences little more than four hundredths of a second after the 
excitation and is a single response. 

From my previous experiments’ I conclude that two hundredths of 

- this time is occupied in the transmission of the excitatory state along 
4 the nerve trunks and in the delay of the organ. The time occupied 
| in the electrical lobe would thus be from two to three hundredths of a 
second, 

It had been previously observed by Jolyet® that the reflex-time in 
the Torpedo was extremely long. He excited the skin in the neighbour- 
hood of the eyes and noted the time of the discharge of the organ by 
the frog signal and by Marey’s chronograph.. He found the shortest 
time between skin excitation and organ response to be as much as 4,” 
or thirteen hundredths of a second. 

He probably used large fish, and if' they were 50 centimetres wide 
the nerves might be 20 centimetres long and the transmission time 
might possibly be as much as four hundredths of a second. The period 
of delay in such large fish would depend upon the temperature of the 
| organ, but may be considered as not more than one hundredth. The 
time left unaccounted for is thus eight hundredths of a second. He 
considers this as the time lost in the electrical lobe, and contrasts thus 
the central time of the Torpedo with that of. the Frog. 

I found that excitation of the skin in the manner performed by him 
gave very inconstant results, The organ only responded once in about 
ten. excitations. It was thus impossible to rheotome the effect. The 
effect itself, when obtained, also appeared to be very unequal in amount, 
For these reasons I chose the method just set forth, and attribute my 
short time to the use of a plan which by exciting the electrical lobe 
directly avoided the error due to the sensory impulse being barely 
adequate to arouse the centres, 


1 Phil. Trans. 1837, pp. 510, 514. 
2 Jolyet, Annales des Sciences Naturelies de ‘Bordeaux et du Sud-Quest, 1883. 
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The direct excitation of the electrical lobe was rendered much 
easier by the ‘circumstance that it made no appreciable difference if the 
electrodes were plunged below the surface into the substance of the — 
lobe: this was to be expected from its minute structure. 

It would seem from experiments on the optic lobe of the Frog made 
with the view of ascertaining the interval between its excitation by a 
single induction shock and a muscular response, that the shortest 
interval is as much or more than two hundredths of a second. There 
would therefore appear to be no such striking difference between the 
central time in the Torpedo and that in the Frog as J i a inferred | 
from his experiments. 


3. Dr SANDERSON and Mr showed microscopical prepara-— 
tions of the Electric Organ of Raia Batis. Professor Ewart exhibited 
and explained microscopical preparations of the development of the 
electric organ in different species of Raia. | 


‘Communications were also made by Dr Caton “On the Trans- 
mission of Impulses from the Nerves of the Skin to the Organs of the 
Thorax and Abdomen.” By Dr Mort, A preliminary note “On Uni- 
lateral Injury of Cauda Equina ; effect produced on Conducting Paths 
of Spinal Cord ; Ataxia.” And by Dr GASKELL, 
“On Cranial Nerves.” 
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1888. 


No, ITI. 


CAMBRIDGE. June 16. 


1. Pror. Roy gave a demonstration of a new instrument for 
recording variations in the volume of the Mammalian Heart. 


2. Dr HALLIBURTON made a further communication on the nature 
of the fibrin ferment. He had found it impossible to prepare fibrin 
ferment free from proteid reactions; and on concentration of solutions of 
Schmidt’s ferment had found that the proteid present had characters 
identical with those of cell-globulin, a proteid with fibrino-plastic 
properties derived from lymph cells. Pure serum globulin as prepared 
from hydrocele fluid has very similar characters, but it has no fibrino- 
plastic properties. The globulin prepared from serum is considered to 
be a mixture of two globulins; the greater amount is pre-existent in 
the plasma (plasma-globulin); the remainder is derived from the dis- 
integration of the white blood corpuscles which are in origin lymph cells 
(cell-globulin). It is this latter which acts as the ferment, and it does 
not apparently become part of the fibrin formed. 


c 


" 
‘bee 
4 
‘ 
| 
4 
J 
4 
Ag 
f 
{ a 
4 
“2 
A 
— 


xii PROCEEDINGS OF THE PHYSIOLOGICAL 


To this theory an objection might be urged that the ferment and the 
globulin are not identical, but only closely associated together. This 
objection cannot at present be fully met; if however the two are not 
identical but only combined, it must be admitted that the association is 
an exceedingly close one; none of the methods adopted for preparing 
the globulin pure separate it from the ferment. Until some method is 
shown by which any substance can be separated into two, we are not 
justified in saying that it is other than a single substance. Certain facts 


_@ however, of which the two most important are the action of alcohol, and 


the action of heat, go far to prove that the ferment is a proteid. 

The action of alcohol. The ferment is precipitated by alcohol ; and it 
is generally stated that unlike the proteids it is not rendered subse- 
quently insoluble in water by the prolonged action of alcohol. It is this 
fact upon which Schmidt bases his method of preparing the ferment, 
viz. extracting with water the dried alcoholic precipitate of serum. 
Hammarsten however has noticed the loss of activity which the 
ferment undergoes after exposure to the action of alcohol; and in the 
present research it was found that an exposure of the ferment to the 
action of alcohol for six to seven months renders it absolutely inactive, 
The ferment is thus like proteids rendered ultimately insoluble by 
alcohol, though more slowly than ordinary albumin is. 

The action of heat. The most striking fact that goes to prove the 
identity of the ferment and proteid is that the activity of the ferment is 
abolished at the same temperature as that at which the distinctive 
characters of the proteid are destroyed (about 75°C.). 

Granting that the ferment is a proteid, it is undoubtedly a globulin: 
it is insoluble in distilled water, as Gamgee first pointed out when he 
prepared it from what was termed by Buchanan “washed blood clot.” 
The apparent solubility in water of the ferment prepared by Schmidt’s 
method is due to the fact that a portion of the salts in the ferment 
powder enters into solution at the same time. If the ferment powder 
be first subjected to prolonged washing with distilled water, and finally 
to dialysis to remove the salts, a watery extract has then little or no 
ferment action, while a saline extract has powerful ferment properties. 
The ferment action of such a solution is lessened but not destroyed by 
dialysis: this is apparently due to the fact that even prolonged dialysis 
is never sufficient to precipitate all the globulin in a solution. 

The concluding portion of the paper was devoted to a criticism of 
Wooldridge’s theory of coagulation. This theory rests upon observa- 
tions chiefly made with peptone plasma. The precipitate produced by 
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cooling and the influence of lecithin in hastening coagulation as 
described by Wooldridge cannot be demonstrated with salted plasma, 
nor with normal plasma obtained from a horse’s jugular vein by the 
“living test tube” experiment. Observations upon such plasma are 
most important as it is unmixed with any foreign substance. On the . 
other hand, the addition of cell-globulin to this plasma hastens its 
coagulation very considerably. 


3. Prof. ScHAFER exhibited a new gas regulator for maintaining a 
uniform temperature. | 


4. Mr W. H. Catpwett exhibited in action his new Freezing 
Microtome. 
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PROCEEDINGS 


OF THE 


PHYSIOLOGICAL SOCIETY, 


1888. 


No. IV. 
St Mary’s Hospitat. December 10. 


1. Dr Waymoutn Rei shewed a recording osmometer and gave 
a preliminary account of some results obtained with the instrument. 
The rise of fluid in two similar osmometers is recorded on a slowly 
travelling band of gelatine-bromide paper (10 inches in width) passing 
behind a slit, in front of which the tubes are fixed, one vertically above 
the other. The clock giving motion to the paper also actuates a lever 
marking the time in hours. By the employment of two similar 
osmometers recording simultaneously, one being used as a control, 
temperature variations do not vitiate the results, The object of the 
experiments is to add to the facts already known relating to the effect of 
varying conditions upon the phenomena of osmosis through animal mem- 
branes, The mucous membrane of the stomach and the skin of the frog 
are the membranes which have been used, and as it is of importance to 
prolong the vitality of these membranes as long as possible after removal, 
the fluid used in the osmometers should have the smallest deleterious 


action as regards the life of the membrane consistent with a sufficient 


density to give a fairly rapid rise in the instruments. A5°/, solution of 


id 
» 
4 
= “7 
whe 
« 
# 
a 
A a 
pais 
| 
a 
| “a 
| 
- 
= 
4 
~ 
‘ 
ver 


xvi PROCEEDINGS OF THE PHYSIOLOGICAL 


glucose in normal saline, in which frog’s ciliated epithelium lives in winter 
from four to five hours, is the fluid which has been as a rule employed, 
the membrane-covered end of the osmometer dipping into a vessel of 
normal saline solution. Chloroform dissolved in the fluid inside the 
osmometer or in that into which the membrane dips appears to -put a 
stop to the process of osmosis through fresh skin or gastric mucous mem- 
brane of the frog, when the above-mentioned fluids are used; if there 
is a slight pressure in the two osmometers at the commencement of 
the experiment, filtration only is observed in the tube in which chloro- 
form is present, while there is a rise of fluid in the control tube from 
which chloroform is absent ; this difference is not present when a dead 
membrane such as boiled egg-shell is used. CO, dissolved in the saline 
appears to retard while HCl -1 °/, appears to favour the process of osmosis 
through gastric mucous membrane of the frog. Tracings illustrative of — 
the above facts were exhibited. The expenses of the research have been 
in part defrayed by a grant of the British Medical Association. 


2. Dr A. WALLER demonstrated the electrical variations of the 
heart of the uninjured dog as follows.—The animal was made to stand . 


with any three extremities in three vessels containing normal saline 


which were led off to the capillary electrometer by non-polarisable 
electrodes. A commutator without cross-wires was interposed in the 
circuit in such wise that by a single movement of the cradle there 
should be connected with the electrometer (1) the two posterior ex- 
tremities, (2) one anterior and one posterior extremity. With the first. 
combination no variations of the electrometer were visible; with the 
second combination distinct electrical variations of cardiac rhythm were 
seen. This experiment was repeated several times, and the position of 


~ the animal was then changed so that by turning over the cradle of the 


commutator (1) the two anterior extremities, (2) one anterior and one 


_ posterior extremity, were connected with the electrometer. With the 


first combination no distinct variations could be seen (a slight tremor of 
the meniscus was however visible or close observation); with the 
second combination distinct electrical variations of cardiac rhythm were 


seen as in the previous experiment. 


Analogous phenomena were demonstrated on the human subject. 
One electrode being held steadily pressing against the tongue, the left 
hand was dipped into a vessel of normal saline which was led off to the 
electrometer ; under these circumstances electrical variations of cardiac 
rhythm were visible. When the right hand was substituted for the 
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left (the mouth electrode remaining in situ) no such electrical variations 
_could be distinguished. 

The demonstration was made with the oxy-hydrogen light, by aid of 
which an image of the electrometer under a } in. objective was projected 
upon a ground-glass plate 6 feet from the microscope (eye-piece 
removed). 

A full account of these experiments will shortly be published in the 
Philosophical Transactions of the Royal Society. | 


3. Dr BRADFORD explained his method of Bits. Gis the paths 
and functions of the nerves of the kidney. 


4. Dr WALLER (for Mr Symes) briefly explained the object of an 
experiment which Mr Symes was preparing in another room, The two 
vagus nerves of a recently killed cat (by chloroform) were exposed, and 
the animal led off to the electrometer by electrodes applied to an anterior 
and to a posterior extremity. Under these circumstances cardiac 
electrical variations were visible, but stimulation of the vagus (right and 
left) failed to arrest them. The thorax having been opened to expose 
the heart, it was found that stimulation of either vagus failed to arrest 
the ventricles and was effectual only as regards the auricular beat. 

Note, This experiment had a double object, viz. to shew the action 
of the vagus “ post mortem,” and to demonstrate the concurrent arrest 
of the electrical variations seen when the animal is led off as above 
described. In this particular case the result was negative, as the vagus 
had no control over the ventricle. In his prefatory remarks Dr Waller 
said that the post mortem action of the vagus was very variable in 
degree, in some cases quite absent, in others still effectual on the heart 
(auricles) after it had ceased to be effectual on the cesophagus, and even 
when excitation of the sciatic ceased to give muscular response, these 
differences in part depending upon differences in the mode of death. 
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